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MINUTES  OF  THE  SPRING  MEETING 


May  22-24,  1934 
Dunes  State  Park 

President  Nieuwland  being  in  Europe  at  this  time,  the  meeting  was 
called  to  order  at  7:30  p.  m.,  May  22,  by  Vice-President  Fisher.  J.  J. 
Davis  gave  a  preliminary  report  of  the  committee  on  Editorial  Policy. 
This  report  was  referred  for  final  action  to  the  next  annual  meeting. 
The  meeting  was  then  turned  over  to  Dr.  Lyon  who  gave  a  most  inter- 
esting illustrated  lecture  dealing  with  the  fauna  and  flora  of  the  Indiana 
Dunes  region.  Friday  and  Saturday  were  spent  in  field  studies  of  bog 
and  dune  areas. 
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WINTER  MEETING 


Program  of  the  Fiftieth  Annual  Meeting  of 

THE  INDIANA  ACADEMY  OF  SCIENCE 
ANNIVEPvSARY  MEETING 

HELD  AT 

BUTLER  UNIVERSITY 

Indianapolis,  Indiana 
November  15-17,  1934 

Thursday,  November  15,  1934 
7:30  p.  m.     Meeting  of  Executive  Committee,  Claypool  Hotel. 

Friday,  November  16,  1934 

8:30  a.  m.     Registration,  Arthur  Jordan  Memorial  Hall. 
9:00  a.  m.     General  Session,  Room  131. 

Address  of  Welcome — James  W.  Putnam,  Acting  President 

of  Butler  University. 
Business   Session. 
Necrology,  Brief  Comments  by  Stanley  Coulter. 

Edward  N.   Canis         Thome   F.   Randolph 

Oliver  P.   Terry  James  K.  Long 

Harry   C.    Peffer  J.  M.  Aldrich 

9:30  a.  m.     Address,  "There  Were  Giants  in  Those  Days,"  by  W.   E. 
Edington,  DePauw  University. 
Introduction  of  charter  members. 

Sectional   meetings.      (For  programs   see   pp.   43,   87,   149, 
176,  196.) 

Luncheon,  University  Cafeteria. 

Address   of  the  retiring   President,  Julius   A.    Nieuwland, 
"The  Story  of  Synthetic  Rubber." 
Sectional  meetings  continued. 

Tea  served  to  members  of  the  Academy  and  their  guests. 
Founders'  Dinner.     Stanley  Coulter,  Toastmaster. 

Saturday,  November  17,  1934 

9:00  a.  m.     Junior  Academy  of  Science. 
9:00  a.  m.     Meeting  of  Entomologists. 
9:00  a.  m.     Meeting  of  Taxonomists. 
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in 

2:00  p. 

in 

4:00  p. 
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7:00  p. 

in 
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MINUTES  OF  EXECUTIVE  COMMITTEE 


The  Executive  Committee  met  for  its  fiftieth  annual  meeting  in  the 
Claypool  Hotel,  Indianapolis,  November  15,  1934.  Meeting-  was  called  to 
order  by  President  Nieuwland  at  7:45  p.  m.  The  following  committee 
members  in  addition  to  50  other  Academy  members  were  present:  J.  C. 
Arthur,  W.  S.  Blatchley,  H.  L.  Brunei-,  A.  W.  Butler,  S.  A.  Cain,  Stan- 
ley Coulter,  J.  J.  Davis,  C.  C.  Deam,  W.  E.  Edington,  H.  E.  Enders,  A. 
L.  Foley,  R.  C.  Friesner,  R.  Hessler,  M.  W.  Lyon,  D.  M.  Mottier,  J.  A. 
Nieuwland,  W.  A.  Noyes,  F.  Payne,  F.  B.  Wade,  P.  Weatherwax,  J.  S. 
Wright.     Reports  of  officers  and  committees  followed. 

Academy  Foundation.  Frank  B.  Wade,  John  S.  Wright  and  Paul 
Weatherwax,  Trustee  of  the  Academy  Foundation,  presented  the  follow- 
ing report  as  of  October  12,  1934: 

Balance  from  previous  year $11.36 

Receipts    181.78 

Total   $193.14 

Expendituies,  charges  for  exchanging  called  Liberty  Bond  for 

U.  S.  Treasury  Bond 0.45 

Balance  in  Indiana  National  Bank  Savings  Account $192.69 

Assets 

U.  S.  Treasury  Bonds $4,100.00 

U.  S.  4th  41ls  1933-38   50.00 

Muncie  Masonic  Temple  Preferred,  par  value 200.00 

Standard  Oil  Indiana  Coupon  Stock,  par  value 150.00 

Savings  Bank  Balance   192.69 

Total  par  value  of  Assets  $4,692.69 

Archeological  Survey.  The  following  report  from  Chairman  Guern- 
sey was  read: 

During  the  past  two  years  an  intensive  survey  of  two  Indiana  areas 
has  gone  forward  under  the  sponsorship  of  the  Indiana  Historical  So- 
ciety. The  region  of  the  Ohio  River  proximate  to  the  mouth  of  the 
Miami,  centering  in  Dearborn  County,  has  been  studied  by  Mr.  Glenn 
Black,  Indianapolis.  The  area  involving  the  Indiana  region  contiguous 
to  the  Falls  of  the  Ohio,  involving  mainly  Clark  and  Floyd  Counties, 
has  received  the  attention  of  your  chairman. 

The  results  of  Mr.  Black's  survey,  in  pait,  have  been  published  by 
the  society.  A  report  upon  the  present  year's  activities,  mainly  refer- 
ring to  exploration  of  the  Nowlin  mound,  is  in  preparation.  In  general, 
Mr.  Black's  survey  has  proved  the  prevalence  of  two  cultures — one  of 
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these  marked  by  accompanying  stone  mounds  representing  a  low-type 
culture,  dominant  features  of  which  are  the  sparsity  of  included  arti- 
facts with  burials,  and  the  prevalence  of  the  so-called  "bundle"  burial. 
Another  culture,  more  refined,  is  exhibited  in  the  Nowlin  Mound.  This 
culture  is  probably  related  to  the  Adena,  as  exhibited  in  the  Whitewater 
River  region  studied  by  Frank  M.  Setzler.  The  major  burials  are 
extended — are  enclosed  within  crib-like,  log  structures — and  appear  to 
indicate  a  lower  cultural  advancement  than  that  which  prevails  in  the 
Ohio  Adena. 

The  Ohio  Falls  area,  upon  which  your  chairman  has  been  engaged 
for  the  past  several  months,  represents  a  complex  exceptionally  difficult 
to  analyze.  Immediately  contiguous  to  the  Falls  are  the  evidences  of  a 
series  of  extraordinary  village-sites  extending  along  the  river  escarp- 
ment for  a  distance  of  some  seven  or  more  miles.  This  region  is  geo- 
logically interesting  as  the  site  of  the  Pleistocene  lake  described  by 
Butts.  Excavation  carried  out  to  date  indicates  the  presence  of  three 
successive  culture-levels,  the  earliest  resting  upon  the  early  lacustrine 
deposit.  While  this  situation  indicates  a  very  long  occupation  of  the 
Falls  region  by  the  aborigine,  and  presents  the  exceptional  interest  at- 
taching to  the  stratified  site,  it  appears  quite  probable  that  the  fluviatile 
deposits  accrued  above  the  early  lake  bed  are  of  fairly  recent  geologic 
origin. 

In  so  far  as  actual  excavation  has  been  carried  out,  burials  have 
been  of  the  flexed  type,  with  bodies  resting  upon  the  right  side.  They 
have  been  encountered,  so  far,  only  within  the  middle  stratum.  It  is 
interesting  to  note  that  there  is  an  absence,  here,  of  the  Wyandotte 
hornstone  so  profusely  used  in  the  region  for  the  fabrication  of  pro- 
jectiles. Upon  the  surface,  however,  this  material  predominates.  Arti- 
facts and  pottery  accompanying  the  interments  exhibit  slight  cultural 
advance. 

Clark  and  Floyd  counties,  in  fact,  are  exceptionally  prolific  in  re- 
spect to  important  archeologic  sites.  There  are  numerous  village  sites 
of  consequence  and  mounds  of  earth  in  fair  abundance  and  of  varying 
types;  and  in  the  northeast  sector  of  Clark  County  stone  mounds  pre- 
dominate. In  general,  the  major  culture  (or  cultures)  of  the  region 
suggest  a  southern  affinity.  The  Fort  Ancient  is  present,  though  in  a 
considerably  altered  aspect  from  the  studied,  type  sites.  Because  of  the 
fact  that  the  Falls  region  comprised  a  notable  "cross  roads"  for  aborig- 
inal migration,  with  a  long-frequented  portage  about  the  rapids;  and  be- 
cause, in  addition,  it  was  necessary  for  the  early  tribes  to  pass  through 
the  vicinity  enroute  to  the  notable  quarries  of  Harrison  County,  it  is 
evident  that  the  surface  finds  encountered,  as  well  as  the  non-permanent 
camp  sites  prevailing,  may  be  expected  to  provide  artifacts  representa- 
tive of  an  astonishing  tribal  diversity. 

The  data  so  far  acquired  in  respect  to  the  Clark-Floyd  area  your 
Chairman  is  now  preparing  for  publication.  This  will  involve  the  re- 
sults of  an  intensive,  but  in  no  respect  complete  study  of  the  region. 
The  fact  is  that  several  years  of  intensive  study  would  be  required  to 
dispose,  adequately,  of  the  existing  evidence  held  by  this  prolific  Indiana 
region. 
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Auditing.  Chairman  Dutcher  reported  Treasurer's  accounts  audited 
and  found  correct. 

Biological  Survey.  Chairman  Lyon  reported  comparatively  little 
work  done  during  the  past  year  with  the  exception  of  that  in  two  fields: 
Dr.  Malott  reports  that  the  bibliography  of  fossil  biota  is  well  in  hand 
and  nearly  completed.  Dr.  Winona  H.  Welch  reports  that  the  bibli- 
ography for  the  Bryophytes  is  completed.  Aside  from  these,  none  of  the 
collaborators  except  Dr.  Montgomery  has  made  much  progress  over  the 
reports  of  the  preceding  year. 

The  different  members  of  the  committee  and  the  collaborators,  not 
seeing  any  immediate  outlet  for  publication,  are  not  very  enthusiastic 
about  doing  work  which  must  remain  unprinted  for  an  indefinite  period 
of  time.  Bibliographic  work  is  of  such  a  nature  that  additions  have  to 
be  made  from  time  to  time  as  new  titles  appear. 

The  committee  suggests  that  some  arrangement  be  made  with  the 
State  Library  whereby  the  work  that  has  been  completed  can  properly 
be  kept  or  filed,  and  notation  made  as  to  persons  who  have  completed 
bibliographies  and  yet  have  them  in  their  possession. 

The  committee  recommends  as  in  previous  years  the  desirability  of 
Indiana's  building  a  fireproof  museum  for  the  storage  of  scientific  speci- 
mens. A  great  deal  of  valuable  material  has  been  taken  from  the  state 
and  deposited  in  other  museums.  Some  of  our  sister  states  have  excel- 
lent facilities  for  the  care  of  scientific   specimens. 

Editor:  Dr.  Cain  gave  a  brief  verbal  report  on  the  publication 
of  Volume  43  of  the  Proceedings.  The  following  detailed  statement, 
prepared  later,  is  an  account  of  his  work  over  the  period  not  covered 
by  the  previous  reports: 

This  report  covers  Volumes  42  and  43  of  the  Proceedings.  Due 
to  the  editor's  absence  from  the  state  during  a  large  part  of  the  past 
two  years  it  has  been  difficult  to  keep  the  records  up  to  date.  Reduc- 
tion of  state  appropriations  during  this  period  from  $1,500.00  to  $900.00 
has  caused  a  corresponding  decrease  in  size  of  the  Proceedings  and 
the  number  of  copies  printed.  During  this  trying  period  the  editor 
has  had  the  close  cooperation  of  his  committee  and  the  officers  of  the 
Academy. 

Volume  42  consisted  of  288  pages,  and  100  separates  and  1,200 
cloth-bound  copies  were  printed,  at  a  cost  of  $.837  per  bound  volume, 
or  $3.49  per  printed  page. 

Volume  43  consisted  of  266  pages,  and  100  reprints  and  1,200 
cloth-bound  copies  were  printed,  at  a  cost  of  $.865  per  bound  volume 
and  $3.90  per  printed  page.  The  figures  exclude  the  cost  of  manu- 
facturing reprints,  which  was  $151.03.  It  will  be  noticed  that  the 
author's  charge  schedule  returns  $136.00  of  this  amount  to  the  Acad- 
emy. The  change  in  makeup  and  from  separates  to  reprints  has  not 
resulted  in  any  serious  loss  to  the  Academy  although  it  should  be 
remembered  that  under  the  practice  of  issuing  separates  the  Academy 
enjoyed  some  profit  from  the  charges  to  authors. 
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Cost  of  Volumes  42  and  43 
Vol.  42    (1932-33)  :    1,200  cloth-bound  copies   and  100   separates. 
State   appropriation   $900.00. 

Printing,   Wm.   Burford   Co $752.41 

Engraving,  Circle   Engraving  Co 147.59      900.00 

Editor's   funds. 

Printing    balance    15.00 

Engraving    balance    28.00 

Expenses    of    editorial    office 61.58      105.36 


Total   cost  of  Volume   42   of  Proceedings $1,005.36 

Vol.  43    (1933-34)  :   1,200  cloth-bound  copies  and  100  reprints. 

State   appropriation   $900.00. 

Printing,    Wm.    Burford    Co $720.48 

Engraving,   Circle  Engraving  Co 179.52      900.00 

Editor's  funds. 

Printing   balance    235.87 

Engraving    balance 12.40 

Expenses    of   editorial    office 41.65      289.92 


Total   cost   of  Volume   43   of   Proceedings $1,189.92 

Statement  of  Editor's  Funds  from   December  7,  1932, 
Receipts:  T°  April  1,  1935 

Balance  on  hand   12-7-32 $694.46 

Received  from  Academy  Treasurer,  refund   for  editorial  ex- 
penses for  Vol.  41,  1-5-33 47.13 

Authors,  arrears    for    separates,    Vol.    40 5.00 

Authors,  arrears  for  separates,  Vol.  41 135.40 

Authors,  for    separates,    Vol.    42 139.20 

Authors,  for  reprints,  Vol.   43 98.25 

Authors,  for    draughting,    Vol.    43 17.75 

Treasurer  refund  for  editorial  expenses,  Volumes  42  and  43  103.23 

Bad  check    (later  made  good) 4.10 

Dues   mispaid   to   editor 4.00 

Unaccounted    for    10.14 


Total   receipts    $633.66 

Expenditures: 

Back    payment    on    Vol.    41 $132.09 

Cost  of  Vol.  42  in  excess  of  state  appropriation....  105.36 
Cost  of  Vol.  43  in  excess  of  state  appropriation....  289.92 
Advance  for  draughting  Vol.  43    (repaid  by  authors)      17.75 

Dues    mispaid    to    editor 4.00 

Bad    check     4.10 

Refund     for     overpayment -40 

Bank    charges   and    check   tax 3.24 

$556.86 

Total     expenditures      $556.86 

Balance     $76.80 

Bank    check     charge -04 

Balance    turned    over   to    Treasurer $76.76 
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Receivable  from  Authors  for  Separates  and  Reprints 

Vol.   41    $30.10 

Vol.   42    28.05 

Vol.   43    37.55 

$95.70 
Balance   on   hand    76.76 

Total    assets     (exclusive    of    author's     arrears    previous    to 

Vol.   41 )     $172.46 

(Signed) 

Stanley  A.  Cain,  Editor. 
E.  S.  Martin,  Auditor. 
N.  E.  Pearson,  Auditor. 

Library.  Dean  Coulter  reported  the  Academy  library  well  housed 
and  cared  for  in  the  new  State  Library. 

Membership.  Report  was  deferred  until  the  dinner  meeting  on  Fri- 
day, at  which  time  44  applications  for  annual  membership  and  two  ap- 
plications for  Junior  Academy  membership  were  reported  and  accepted. 

Press  Secretary.  Dr.  Edington  reported  that  the  Academy  has 
received  considerable  publicity  in  Indianapolis  papers  as  well  as  other 
papers  of  the  state.  This  has  been  accomplished  in  part  through  close 
cooperation  between  the  Press  Secretary,  Dr.  Pearson,  and  Mr.  Evan 
Walker,  Director  of  Publicity  at  Butler  University.  A  feature  article 
which  appeared  in  the  Indianapolis  Star  was  arranged  through  the  co- 
operation of  Miss  McNitt  of  the  State  Library,  Mr.  Claude  Mahoney  of 
the  Star  and  the  Press   Secretary. 

Program.  Chairman  Pearson  presented  the  printed  program  con- 
taining 98  titles  of  papers  to  be  read.  The  Executive  Committee  ex- 
tended to  him  and  his  committee  a  vote  of  thanks  for  their  efficient 
work. 

Relation  of  Academy   to  State.     No  report. 

Research.  Dr.  Foley  reported  research  activities  of  individual  mem- 
bers of  the  committee  and  study  of  plan  further  to  promote  research. 

Treasurer.     Dr.  Weatherwax  presented  the  following  report: 

Receipts 

Balance  on  hand  October  12,  1933 $552.48 

Dues  and  initiation  fees  collected 916.00 

From  A.  A.  A.  S 101.00 

For  reprint  fund  ,.,,,, 16.35 

$1,585.83 
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Disbursements 

Secretary $38.79 

Treasurer    . 63.25 

Program   Committee    96.78 

Postage  on  Proceedings 87.69 

Bonds  and  Safety  Deposit  Box 35.50 

S.  A.  Cain,  reprint  fund 16.35 

Committee  on  Anniversary  Publicity 45.25 

Stationery 31.55 

Check  Returned   1.00 

Tax  on  checks .50 

$416.66 

Balance  in  bank 1,169.17 

$1,585.83 

(Signed)     Paul  Weatherwax,  Treasurer. 

The  undersigned  have  audited  the  above  report  and  have  checked 
the  items  against  the  signed  checks  and  accounts  of  the  Treasurer  and 
find  them  correct  in  every  respect  to  the  best  of  our  knowledge. 

(Signed)  John  B.  Dutcher  ~| 

(Signed)   J.  E.  Switzer         )  Auditing  Committee. 

Junior  Academy  of  Science.  Dean  Enders  reported  twelve  affiliated 
High  School  Science  clubs  and  twelve  others  in  process  of  affiliation.  He 
called  attention  to  the  excellent  program  of  the  Junior  Academy  for 
Saturday  and  urged  members  to  attend  these  sessions  to  lend  encourage- 
ment to  the  junior  members  as  well  as  to  absorb  some  of  the  enthusiasm 
displayed  by  these  potential  scientists. 

A.  A.  A.  S.  Dean  Enders  reported  that  Indianapolis  had  been  defi- 
nitely decided  upon  as  the  place  for  the  meetings  of  the  A.  A.  A.  S.  and 
affiliated  organizations  for  1937.  Dr.  Ward,  Permanent  Secretary  of  the 
A.  A.  A.  S.,  spoke  of  the  cooperation  between  this  organization  and  the 
30  affiliated  State  Academies  of  Science. 

Nominations.  Chairman  Wright  made  report  of  committee  recom- 
mending the  following  election  as  fellows: 

Earl  Brooks,  Noblesville. 

G.    H.    A.    Clowes,    Indianapolis. 

H.  O.  Deay,  Lafayette. 

E.  C.  Elliott,  Lafayette. 

L.  G.  Zerfas,  Indianapolis. 

Revision  of  Constitution  (Special  Committee).  Chairman  Cain  pre- 
sented the  revised  constitution,  as  modified  by  the  Executive  Committee 
at  its  1933  meeting,  and  recommended  its  adoption.  The  recommenda- 
tion was  referred,  for  final  action  to  the  General  Session.  (The  revised 
constitution  as  finally  adopted  is  published  in  this  volume  of  the  Proceed- 
ings, p.  252.) 

Anniversary  (Special  Committee).  Dr.  Edington  called  attention 
to  exhibits  of  photographs  of  a  large  proportion  of  the  charter  members 
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and  of  all  of  the  past  presidents  of  the  Academy.  About  (>0  film  nega- 
tives and  31  slides  of  photographs  of  prominent  members  of  the 
Academy  and  other  documents  of  historical  importance  are  on  file  in  the 
archives  of  the  Academy  in  the  state  library. 

Dr.  Ward  suggested  that  the  above  exhibit  be  shown  at  the  Pitts- 
burgh meetings  of  the  A.  A.  A.  S.  as  a  stimulus  and  suggestion  to  other 
academies.  Action  was  taken  to  make  this  exhibit  available  for  these 
meetings. 

Revision  of  By-Laws  (Special  Committee).  Chairman  Mahin  pre- 
sented proposed  new  By-Laws.  These  were  discussed  and,  with  slight 
modification,  recommended  for  adoption  by  the  General  Session.  (The 
By-Laws  as  finally  adopted  are  published  in  this  volume  of  the  Proceed- 
ings, p.  254.) 

Editorial  Policy  (Special  Committee).  Chairman  Davis  presented  a 
proposed  "Editorial  Policy."  This  was  discussed  and,  with  slight  modi- 
fication, recommended  for  adoption  by  the  General  Session.  (This 
"Editorial  Policy"  as  finally  adopted  is  published  in  this  volume  of  the 
Proceedings,  p.  257.) 

New  Business.  The  following  committee  was  appointed  to  receive 
invitations  for  the  next  annual  meeting:  F.  Payne,  E.  G.  Mahin. 

Dr.  Weatherwax  and  Dr.  Malott  were  appointed  members  of  the 
Resolutions  Committee. 

The  President  was  instructed  to  appoint  a  committee  to  cooperate 
with  the  A.  A.  A.  S.  in  planning  the  Indianapolis  meeting  for  1937.  The 
following  committee  was  appointed:  John  S.  Wright,  Chairman,  Frank 
B.  Wade,  J.  J.  Davis,  R.  C.  Friesner,  and  Paul  Weatherwax. 

The  President  was  instructed  to  appoint  committees  of  five  each 
to  undertake  the  formation  of  an  Archeological  section,  a  Mathematics 
section,  and  a  Psychological  section  of  the  Academy.  The  following 
committees  were  named: 

Archeological  Committee:  Eli  Lilly,  Chairman,  Glenn  Black,  S.  E. 
Perkins  III,  W.  N.  Logan  and  E.  Y.  Guernsey. 

Mathematics  Committee:  Thomas  E.  Mason,  Chairman,  Ralph  B. 
Stone,  David  A.  Rothrock,  W.  E.  Edington,  and  Harold  E.  Wolfe. 

Psychological  Committee :  H.  H.  Remmers,  Chairman,  F.  D.  Brooks, 
and  Edward  S.  Conklin. 

Publication  of  that  part  of  the  bibliography  of  Barton  W.  Evermann 
pertaining  to  Indiana  fauna  and  flora  was  authorized.  Dr.  Blatchley 
reported  approximately  95  titles.  (See  p.  39  of  this  volume  of  the 
Proceedings.) 

Action  was  taken  recommending  that  the  Editor's  reprint  fund 
be  handled  by  the  Treasurer. 

Dr.  J.  C.  Arthur  was  appointed  Academy  representative  to  the  Inter- 
national Botanical  Congress  to  be  held  in  Amsterdam. 

Action  was  taken  recommending  that  a  competent  person  be  en- 
gaged through  U.  S.  Government  aid  to  codify  all  references  to  Indiana 
natural  history  found  in  the  accounts  of  early  surveys  of  the  state. 
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MINUTES   OF  THE   GENERAL   SESSION 

Following  an  address  of  welcome  by  Acting  President  J.  W.  Putnam 
and  a  response  by  President  Nieuwland,  the  minutes  of  the  Executive 
Committee  were  read  and  all  recommendations  approved. 

At  a  brief  business  meeting  following  the  annual  dinner  the  follow- 
ing business  was  transacted:  Dr.  Weatherwax  announced  44  applications 
for  annual  membership  and  two  applications  for  Junior  Academy  mem- 
bership. All  were  unanimously  elected.  Dr.  Payne  announced  Wabash 
College  as  the  host  for  the  next  annual  meeting.  Dr.  Malott  of  the 
Resolutions  Committee  offered  resolutions  thanking  all  who  had  in  any 
way  labored  for  the  success  of  the  meetings. 

Chairman  Wright  of  the  Nominating  Committee  offered  the  follow- 
ing nominations  for  officers  for  1935: 

President,  Will  Scott,  Indiana  University 
Vice-President,    W.    E.    Edington,    DePauw    University 
Secretary,   Ray   C.   Friesner,   Butler   University 
Treasurer,  W.  P.  Morgan,  Indiana  Central  College 
Editor,  Paul  Weatherwax,  Indiana  University 
Press  Secretary,  T.  R.  Johnston,  Purdue  University 

These  nominees   were   all   unanimously   elected. 

In  accordance  with  the  provisions  of  the  new  constitution  each  sec- 
tion of  the  Academy  elected,  during  the  afternoon  sectional  meetings, 
a  ''Divisional  Chairman"  to  preside  over  the  meetings  of  the  particular 
section  at  the  next  annual  meeting  of  the  Academy.  The  following 
elections  were  announced  by  Chairman  Wright: 
Botany,  A.   R.  Bechtel,  Wabash  College 

Chemistry  and  Bacteriology,  M.  G.  Mellon,   Purdue  University 
Geology  and  Geography,  C.  A.   Malott,   Indiana  University 
Physics  and  Mathematics,  Mason   E.  Hufford,   Indiana  University 
Zoology,  W.  H.  Johnson,  Wabash  College 

The  business  meeting  was  then  adjourned  and  the  further  program 
of  the  evening  placed  in  the  care  of  the  Toastmaster,  Dr.  Stanley 
Coulter. 

Ray  C.  Friesner,  Secretary. 
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PRESIDENT'S   ADDRESS 
THE  STORY  OF  SYNTHETIC  RUBBER 


J.  A.  Nieuwland,  University  of  Notre  Dame 

Members  of  The  Indiana  Academy  of  Science,  ladies  and  gentlemen, 
and  dear  friends :  The  Story  of  Synthetic  Rubber,  a  fascinating  chapter 
in  chemical  history,  is  a  story  which  goes  back  three  quarters  of  a 
century.  While  time  and  circumstances  do  not  permit  a  detailed  resume 
of  all  the  facts,  it  will  suffice,  I  trust,  to  trace  the  story  very  briefly, 
mentioning  in  approximate  chronological  order  the  sequence  of  some  of 
the  more  important  events  that  ultimately  led  to  the  discovery  and 
commercial  development  of  the  newest  synthetic  rubber,  Duprene. 

Record  of  the  formation  of  synthetic  rubber-like  substances  goes 
back  to  1860,  when  Greville  Williams  (English)  first  destructively  dis- 
tilled rubber,  yielding,  in  part,  what  we  now  know  to  be  isoprene.  Wil- 
liams noted  that  when  the  pyrolysis  products  were  allowed  to  polymerize 
and  partially  oxidize,  an  elastic  rubber-like  mass  was  obtained.  In  one 
respect  this  can  hardly  be  considered  a  synthesis  of  rubber  since  the 
isoprene  required  had  been  obtained  by  breaking  down  natural  rubber. 
This  early  work  indicated,  however,  that  isoprene  could  be  polymerized 
to  yield  a  form  of  synthetic  rubber.  It  was  only  natural  that  so  im- 
portant a  discovery  should  stimulate  general  scientific  interest;  con- 
sequently, studies  on  the  pyrolysis  of  rubber  and  the  polymerization  of 
isoprene  were   soon  undertaken  in  various  European  laboratories. 

Nineteen  years  after  Williams'  classical  contribution  Bouchardat 
(French)  published  his  researches  on  isoprene  polymerization  in  which 
analysis  of  his  polymers  indicated  that  they  were  of  the  formula 
(C3HS)„  while  isoprene  itself  is  the  simple  S3HS  unit,  written  structur- 
ally by  the  organic  chemist  as  CH2=C — CH=CH2. 

I 
CH3 

Evidence  was  thus  obtained  that  the  synthetic  rubber  was  a  direct 
polymer  of  isoprene.  The  polymerization  of  isoprene  was  also  studied 
by  Tilden  (English)  who  showed  that  the  polymerization  could  be  effected 
under  the  action  of  nitrosyl  chloride  (1882)  and  later  (1892)  spontan- 
eously under  the  action  of  light  and  air.  It  might  be  mentioned  that 
Tilden's  work  deserves  special  merit  because  his  was  a  real  synthesis 
in  this  regard:  he  had  obtained  his  isoprene  by  cracking  turpentine 
vapour  in  a  red  hot  tube.  Previous  investigators  had  only  resynthesized 
rubber  from  the  pyrogenic  decomposition  products  of  natural  rubber.  The 
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cracking  of  turpentine,  although  used  by  Tilden,  was  not  discovered  by 
him,  but  by  Hlasiwetz  in  1876. 

When  Harries  (German)  undertook  the  study  of  synthetic  rubber 
at  the  beginning  of  the  present  century,  one  of  his  first  publications 
was  a  destructive  criticism  of  previous  work.  Harries  claimed  that  he 
was  unable  to  repeat  the  previous  work  of  Bouchardat  and  Tilden. 
Opinions  have  since  been  expressed  that  the  fault  was  more  with  Harries 
than  with  previous  workers.  Certain  other  contributions  might  be  cited: 
Kondakov  (Russian)  showed  (1889-90)  that  other  isoprene-like  hydro- 
carbons could  be  polymerized  to  rubber-like  materials  and  thereby  greatly 
broadened  the  field  of  research.  In  1909,  Hoffman  (German)  discovered 
that  heat  alone  will  convert  isoprene  into  the  rubber  polymer. 

Another  interesting  angle  of  the  synthetic  rubber  problem,  namely, 
that  of  the  ultimate  molecular  configuration  of  natural  and  synthetic 
rubbers,  has  been  studied  by  such  well-known  authorities  as  Staudinger 
(German)  and  our  well-known  American  contemporary,  Thomas  Midg- 
ley,  and  his  co-workers. 

In  August  of  1910,  Matthews  (English)  observed  that  sodium  metal 
will  catalyze  the  isoprene  polymerization.  At  this  time  the  synthetic 
rubber  problem  acquired  a  possible  commercial  significance.  Matthews, 
working  for  a  British  firm,  had  worked  out  a  means  of  obtaining  fusel 
oil  on  a  fairly  larger  scale  and  obtaining  isoprene  therefrom.  The 
butyl  alcohol  in  the  fusel  oil  was  converted  to  butyl  chloride  and  this 
chlorinated  to  a  mixture  of  dichlorobutanes.  Hydrogen  chloride  was 
removed  from  these  chlorides  in  some  manner  such  as  by  passing  the 
dichloro  compounds  over  heated  soda-lime.  In  this  way,  butadiene 
(CH2=CH — CH=CH2)  was  obtained  which  could  be  polymerized  to  a 
butadiene  rubber.  This  was  accomplished  by  allowing  it  to  stand  in 
contact  with  sodium  metal  for  a  period  ranging  from  a  few  hours  to 
more  than  as  many  weeks.  A  patent  on  the  process  was  applied  for 
on  October  25,  1910.  It  is  interesting  to  note  that  on  December  12, 
1910  (less  than  two  months  later)  the  Elberfeld  Farbenfabriken  applied 
for  a  somewhat  similar  patent  in  Germany  on  the  basis  of  claims  made 
by  Harries.  It  was  stated  by  Harries  that  he  had  noted  the  effect  of 
sodium  on  isoprene  while  attempting  to  distill  isoprene  from  it.  While 
this  may  have  been  so,  Matthews  enjoyed  undoubted  priority  of  publi- 
cation and  the  controversy  ended  in  his  favor.  Anyone  following  the 
synthetic  rubber  problem  through  the  chemical  literature  will  find  many 
examples  of  such  disagreeable  controversies  among  pioneers  in  the  field. 
Arguments  and  counter-arguments  may  be  found  in  the  published  litera- 
ture, sometimes  over  only  technicalities  of  phraseology. 

The  first  fifty  years  of  synthetic  rubber  research,  then,  had  brought 
out  the  following  facts:  isoprene  and  butadiene  (compounds  containing 
the  carbon  nucleus  — C=C — C=C — )  can  be  polymerized  under  the  ac- 
tion of  various  catalytic  agents  to  yield  resilient,  elastic  substances  re- 
sembling natural  rubber.  While  this  information  is  of  the  highest 
scientific  importance,  its  practical  value  had  not  been  as  significant,  be- 
cause isoprene  and  butadiene  are  expensive  and  difficult  to  obtain  in 
quantity,  and  because  the  rubbers  produced  from  these  compounds  are 
inferior  to  natural  rubber. 
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Table  1.     Flow   Sheet   of   Rubber   Processes   with    Intermediates. 


Probably  the  next  significant  page  in  the  problem  of  synthetic 
rubber  was  written  with  the  development  in  Germany  of  what  has  been 
variously  called  the  "Carbide,"  "Pinacol,"  or  "Methyl  Rubber"  process. 

Like  Duprene,  Methyl  Rubber  was  made  from  acetylene  as  the 
starting  material.  Without  going  into  a  great  deal  of  technical  detail, 
the  steps  involved  in  the  synthesis  may  be  enumerated  as  follows:  con- 
version of  the  acetylene  to  acetaldehyde  by  hydration  with  water,  oxida- 
tion of  the  aldehyde  to  acetic  acid  followed  by  conversion  to  acetone  and 
thence  by  reduction  to  pinacol.  Dehydration  of  the  pinacol  yielded,  in 
part,  dimethyl  butadiene  known  also  as  methyl  isoprene  and  written 
structurally  as  CH2=C— C=CH2. 

I       I 
CH3  CH3 

This  process  is  lengthy  and  too  expensive  for  practical  use  except 
as  a  drastic  emergency  measure.  The  chemical  relationship  between 
butadiene,  isoprene,  and  dimethyl  butadiene  is  exemplified  by  the  similar- 
ity of  their  molecular  nuclei. 

When  Germany  was  shut  off  from  the  natural  rubber  market  at  the 
opening  of  the  World  War,  she  was  practically  forced  to  turn  to  syn- 
thetic rubber  as  a  substitute.  Such  a  crisis  really  brought  out  the  in- 
feriorities of  the  known  synthetic  rubbers  and  showed  how  generally 
previous  conclusions  had  been  over-emphasized.  When  it  came  actually 
to  fabricating  rubber  articles  from  synthetic  preparations,  it  was  found 
that  butadiene  rubber  was  brittle  when  acid-polymerized,  isoprene  rub- 
ber was  sticky  and  lacked  tensile  strength.  Both  products  were  even 
worse  when  sodium-polymerized.  The  Methyl  Rubber,  when  polymerized 
by  heat,  was  also  unpromising — it  could  not  be  readily  vulcanized,  and 
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it  oxidized  too  easily.  In  all  cases,  the  polymerization  required  many 
days  for  completion.  It  was  found,  however,  that  the  addition  of  cer- 
tain organic  bases  such  as  aldehyde  ammonia  and  piperidine  derivatives 
exhibited  a  beneficial  effect  when  incorporated  in  the  synthetic  rubber. 

Other  improvements  came  about  which  made  the  usage  of  Methyl 
Rubber  at  least  possible,  and,  in  May  of  1918,  the  output  of  Methyl 
Rubber  was  about  150,000  kilograms  per  month.  The  Baeyer  plant  in 
Germany  had  a  capacity  of  about  150  tons  of  Methyl  Rubber  per 
month  at  the  close  of  the  War.  Of  this,  about  30  tons  were  used 
monthly  as  hard  rubber  for  battery  jars,  etc. 

When  the  synthetic  material  was  mixed  with  about  20  per  cent  of 
reclaimed  rubber  the  product  was  fairly  satisfactory.  The  former  alone 
gave  quite  an  inelastic  material,  though  this  was  improved  by  adding 
various  oils.  The  use  of  dimethyl  aniline  in  this  respect  was  eventually 
generally  adopted  because  of  its  preservative  action.  The  synthetic  rub- 
ber was  not  good  enough  for  the  manufacture  of  inner  tubes  for  pneu- 
matic tires.  For  this  reason  the  Germans  had  to  resort  to  the  use  of 
solid  tires  which  were  made  from  the  synthetically  prepared  rubber. 

While  the  methyl  rubber  piocess  was  abandoned  at  the  close  of  the 
War,  owing  to  its  general  impracticability,  acetylene  is  nevertheless  a 
logical  starting  point  in  rubber  synthesis  because  of  its  comparatively 
low  price  and  because  of  its  chemical  reactivity  due  to  a  high  degree  of 
unsaturation.  The  chemistry  of  acetylene  led  the  way  to  Duprene.  In 
1906,  while  experimenting  with  acetylene  it  was  noticed  that  a  reaction 
occurred  when  this  gas  was  passed  into  a  solution  of  copper  and  alkali 
metal  chlorides.  The  product  was  not  isolated  but  was  definitely  be- 
lieved to  be  a  gas  as  its  odor  was  extremely  noticeable  and  yet  no  solid 
or  liquid  was  isolated.  Experimentation  was  continued  at  frequent  inter- 
vals for  the  next  fourteen  years,  until  finally  means  were  found  to  in- 
crease the  concentration  of  the  catalyst  mixture  by  substituting  am- 
monium chloride  for  the  alkali  metal  chlorides  and  by  altering  its 
acidity  to  increase  the  rate  and  extent  of  acetylene  absorption.  To  our 
surprise  an  oil  was  formed  along  with  the  gas  previously  noted.  Scarcely 
more  than  a  year  later,  it  was  proven  that  this  oil  is  divinyl  acetylene — 
a  compound  having  a  degree  of  unsaturation  even  greater  than  isoprene, 
butadiene,  or  dimethyl  butadiene.  Our  interest  was  further  stimulated 
in  1923  when  treatment  of  divinyl  acetylene  with  sulphur  dichloride  pro- 
duced an  elastic  substance  resembling  natural  rubber,  though  too  plastic 
for  practical  use. 

While  delivering  a  paper  at  the  Organic  Symposium  in  Rochester, 
New  York,  in  1925,  I  had  occasion  to  mention  incidentally  some  of  these 
acetylene  experiments.  The  E.  I.  DuPont  de  Nemours  and  Company 
became  interested  in  the  work,  and  arrangements  were  made  whereby 
this  concern  might  take  over  the  commercial  development  of  these  ma- 
terials. To  our  mutual  disappointment,  different  specimens  of  the  div- 
inyl acetylene  products  did  not  retain  their  elasticity  for  comparable 
lengths  of  time,  and  means  to  correct  this  fault  were  not  immediately 
found.  Meanwhile,  however,  the  gas  which  had  been  noted  as  early  as 
1906  was  being  investigated  in  the  Jackson  Laboratories  of  the  Du 
Pont  Corporation.     As  had  been  anticipated  this  gas  proved  to  be  mon- 
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ovinyl  acetylene,   CH2=CH — C=CH,  and,  like  divinyl  acetylene,  it  was 

formed   directly  by   acetylene  polymerization. 

Monovinyl    acetylene    is    somewhat   like   isoprene    and    its    homologs 

in  that  it  contains  a  four  carbon  atom  nucleus  and  has  two  points  of 

unsaturation.     It  was  subsequently  found  that  the  elements  of  hydrogen 

chloride   may  be   added   to   the   triple  bond   of  monovinyl   acetylene   and 

that  the  use  of  cuprous  chloride  as  a  catalyst  made  possible  almost  a 

theoretical  yield  of  chlorobutadiene,  CEL^CH — C^CEL. 

I 
CI 

Inspection  of  the  structural  formulas  previously  mentioned  shows  a 
close  molecular  similarity  between  this  compound  and  isoprene — the  only 
difference  being  that  chlorobutadiene  contains  an  atom  of  chlorine  in 
place  the  methyl  group,  — CH3,  in  isoprene.  Because  of  this  close  struc- 
tural similarity  the  synthetic  material  was  named  "Chloroprene." 
On  standing  for  a  few  days  chloroprene  spontaneously  polymerizes  to  a 
stiff,  plastic  substance  which  can  be  vulcanized  by  merely  heating  to 
114°C.  for  five  minutes  to  form  an  elastic,  non  tacky,  tough  material — 
a  synthetic  rubber.  This  new  rubber  was  given  the  trade  name,  "Du- 
prene."  Thus  ended  in  success  a  problem  that  had  occupied  the  minds 
of  organic  chemists  for  seventy-five  years. 

The  Duprene  rubber  is  particularly  interesting  because  of  its  many 
virtues  over  natural  rubber.  Its  resistance  to  gasoline,  kerosene,  oils, 
air,  ozone,  acids,  alkalis,  etc.,  opens  up  many  entirely  new  fields  of 
rubber  technology.  It  can  be  used  to  better  advantage  for  nearly  all 
the  purposes  that  natural  rubber  serves,  as  also  for  hundreds  of  uses 
to  which  natural  rubber  is  unequal  to  adapt  itself.  In  general,  one  may 
say  that  it  is  a  better  product  than  natural  rubber.  Although  some- 
what more  expensive,  thousands  of  pounds  are  being  made  in  the  Du 
Pont  Duprene  Plants.  Chloroprene  may  be  emulsified  in  an  ammoniacal 
soap  solution  to  produce  a  milky  liquid  resembling  natural  latex  in  ap- 
pearance and  application.  Another  fact  of  great  interest  to  the  chemist 
is  that  a  sheet  of  Duprene  stretched  500  per  cent  gives  an  X-ray  dif- 
fraction pattern  which  closely  resembles  that  of  natural  rubber  under 
the  same  stress.  This  shows  that  the  three  dimensional  structures  of 
the  synthetic  and  natural  rubber  are  very  similar.  Furthermore,  Du- 
prene is  economically  practical.  The  United  States  need  never  worry 
that  a  national  crisis  will  forbid  or  seriously  hinder  the  fabrication  of 
rubber  goods. 

Upon  this  memorable  occasion,  the  fiftieth  anniversary  of  the  found- 
ing of  The  Indiana  Academy  of  Science,  we  may  be  pardoned  in  feeling 
highly  honored  and  extremely  happy  that  an  Indiana  laboratory  should 
have  had  the  distinction  of  contributing  to  the  final  solution  of  a  most 
practical  and  perplexing  scientific  problem. 
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Will  E.  Edington,  DePauw  University 

We  are  assembled  today  to  honor  the  founders  and  charter  mem- 
bers of  our  Academy.  We  are  happy,  indeed,  to  have  with  us  several 
of  our  charter  members,  and  in  their  presence  I  realize  the  inappropriate- 
ness  and  possibly  the  foolhardiness  of  my  attempt  to  trace  and  discuss 
the  influences  and  motives  that  led  to  the  founding  of  the  Academy. 
However,  it  is  hardly  to  be  expected  that  our  honored  guests,  our  charter 
members  who  are  with  us  today,  should  be  charged  and  burdened  with 
their  own  entertainment.  On  the  other  hand,  it  certainly  is  fitting  that 
the  present  generation  of  young  Indiana  scientists  should  be  made 
familiar  with  the  early  history  and  development  of  science  in  Indiana, 
and  it  is  with  this  thought  in  mind  that  I  have  undertaken  to  outline 
briefly  the  struggles  and  failures  of  the  early  scientists  to  form  organ- 
izations for  the  mutual  exchange  of  ideas  and  to  secure  greater  in- 
spiration to  carry  on  under  adverse  circumstances,  which  finally  culmi- 
nated in  the  founding  of  the  Academy.  But  it  is  my  intention  to  trace 
the  history  of  early  organization  only  so  far  as  they  seem  to  have 
had  some  influence  in  preparing  the  way  for  the  Academy  through  their 
membership. 

The  history  of  science  in  Indiana,  and  in  the  midwest  for  that 
matter,  properly  begins  in  1825  at  New  Harmony,  on  the  Wabash  River 
in  Posey  County.  To  be  sure,  the  great  ornithologist,  John  James  Audu- 
bon, had  floated  down  the  Ohio  River  in  1808  and  had  settled  at  Louis- 
ville with  his  young  wife  and  had  set  up  a  store.  Audubon  collected 
birds  on  both  sides  of  the  river  and  made  excellent  drawings  of  them 
so  that  when  the  second  great  American  ornithologist,  Alexander  Wilson, 
came  down  the  Ohio  in  1810,  making  bird  collections  and  offering  for 
sale  his  two  volumes  of  engraved  drawings  of  birds,  he  met  Audubon 
and  found  Audubon  to  possess  a  better  collection  of  birds  and  also  better 
drawings.  Audubon  moved  his  store  to  Henderson,  Kentucky,  in  1811, 
and  he  was  living  there  in  1818  when  that  enthusiastic  but  eccentric 
naturalist,  Constantine  Samuel  Rafinesque,  visited  him  while  on  his 
way  to  Transylvania  University  at  Lexington,  where  he  had  secured 
the  professorship  of  botany  and  natural  history.  Rafinesque  remained 
at  Lexington  eight  years  and  during  the  university  vacation  periods 
made  long  trips  collecting  plants,  fishes  and  shells;  and  in  some  of  these 
trips  he  crossed  the  Ohio  River  into  Indiana.  Rafinesque,  however, 
was  not  the  first  scientist  to  study  plant  life  in  Indiana,  for  it  seems 
that  Michaux,  a  prominent  early  American  botanist,  had  visited  Indiana 
in  1795,  and  had  collected  and  recorded  about  twenty  plants  as  discovered 
in  his  journey  from  Clark's  Hill  in  Tippecanoe  County,  to  Vincennes. 
Also,  David  Thomas  in  a  journey  across  southern  Indiana  to  Vincennes 
in  1816  recorded  the  names  of  95  plants,  and  Nuttall,  the  predecessor 
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of  Asa  Gray  at  Harvard,  journeyed  down  the  Ohio  in  1818,  making  stops 
at  a  number  of  river  towns  in  Indiana.  Hence  some  scientific  study 
had  been  made  of  the  animal  and  plant  life  of  Indiana  before  1825,  but 
only  in  a  fragmentary  manner.1 

Previous  to  1825  little  was  known  of  the  geology  of  the  state,  and, 
although  Wyandotte  Cave  was  apparently  discovered  in  1798,  certainly 
no  reliable  scientific  account  of  it  was  available  before  1814.  It  was 
then  known  as  the  "Mammoth  Cave  of  Indiana,"  and  its  owner  called 
it  "Epsom  Salts  Cave,"  doing  quite  an  extensive  business  of  leaching  its 
salts,  sulphate  of  magnesia,  potassium  nitrate  and  one  or  two  others, 
between  1812  and  1820.  Also  as  early  as  1804  some  local  outcrops  of 
coal  were  known  and  noted  on  the  map,  and  a  small  mine  was  opened 
in  1811  at  Fulton  in  Perry  County.  Robert  Fulton,  it  is  said,  obtained 
coal  from  this  mine  as  fuel  for  the  first  steamboat  to  descend  the 
Ohio  River.2 

Accordingly,  we  may  safely  assume  that  the  boat  called  "The  Phi- 
lanthropist," locally  known  as  "The  Boatload  of  Knowledge,"  which 
floated  down  the  Ohio  River  in  1825  with  the  eminent  geologist,  William 
Maclure,  and  the  French  naturalist  and  artist,  Charles  Alexander  Le- 
Sueur,  as  part  of  its  cargo,  and  which  finally  landed  its  cargo  at  New 
Harmony,  brought  the  first  scientists  who  lived  and  studied  and  did  in- 
tensive scientific  investigation  in  Indiana.  These  scientists  were  followed 
in  1826  by  Thomas  Say,  who  has  been  called  "The  Father  of  American 
Entomology,"  "The  Father  of  American  Conchology,"  and  even  "The 
Father  of  American  Zoology."  Maclure,  LeSueur  and  Say  were  three 
of  the  founders  of  the  Academy  of  Natural  Science  of  Philadelphia, 
which  was  founded  in  1812.  Say  died  at  New  Harmony  in  1834.  In 
1827  David  Dale  Owen,  one  of  the  three  sons  of  Robert  Owen,  came 
to  New  Harmony.  He  returned  to  London  in  1831  for  two  years  of 
additional  study  in  chemistry  and  geology,  and,  upon  his  return  to 
America,  entered  the  Ohio  Medical  College  from  which  he  graduated  in 
1836.  He  did  all  this  additional  study  in  order  better  to  prepare  himself 
for  the  study  of  paleontology.  Robert  Dale  Owen  was  appointed  the 
first  State  Geologist  of  Indiana  and  began  his  work  in  1837.  His  brother, 
Richard  Owen,  born  in  1810,  was  his  assistant  in  later  surveys,  and  I 
shall  discuss  his  work  and  influence  later. 

In  fact  the  reputation  of  the  New  Harmony  scientists  was  such  as 
to  inspire  a  visit  from  such  a  scientist  as  Sir  Charles  Lyell,  one  of  the 
greatest  of  all  geologists,  and  New  Harmony  became  a  training  school 
for  young  geologists,  such  as  Edward  T.  Cox,  State  Geologist  of  Indiana, 
J.  G.  Northwood  and  A.  H.'  Worthen,  State  Geologists  of  Illinois,  B.  F. 
Shumard,  State  Geologist  of  Texas,  Dr.  Robert  Peters,  Dr.  Joseph  Leidy, 
F.  B.  Meek,  and  Leo  Lesquereux,  all  of  whom  worked  there.  I  would 
have  you  note  the  importance  of  geology  in  the  scientific  results  follow- 
ing out  of  the  New  Harmony  experiment. 

In  1842  the  Indiana  Horticultural  Society  was  organized.  At  that 
time  the  Reverend  Henry  Ward  Beecher  of  Indianapolis  was  in  charge 


1  J.   M.   Coulter,  A   Century  of  Botany   in  Indiana,   Proc.   Ind.   Acad.   Sci.,    1916. 
3  W.   S.  Blatchley,  A  Century  of  Geology  in  Indiana,   Proc.  Ind.  Acad.  Sci.,  1916. 


24 


Proceedings  of  Indiana  Academy  of  Science 


■:;■/■  ='■  ■: 


o  .2 

-  i, 

w  w 

:_'  pq 

"tfl  Ha 
02 

0> 

W  3 

I  3 

o  . 


^£ 


8     . 
>>    o; 


to     o 


<    ^3 


-S  Q 


z    PQ 

01 


.   S 

bib    ^* 


•7- 


There  Were  Giants  in  Those  Days  25 

of  the  Indiana  Farmer  and  Gardener,  a  paper  devoted  to  agricultural 
and  horticultural  interests.  The  society  failed  on  account  of  the  diffi- 
culty of  travel,  the  great  loss  of  time  in  travel,  the  pear  blight  and 
other  causes.  It  should  be  remembered  that  the  railroad,  known  as  the 
Monon,  was  not  begun  at  New  Albany  until  1847  and  it  did  not  reach 
Lafayette  until  1854,  and  it  was  one  of  the  two  first  railroads  in  Indiana. 
However,  the  influences  that  led  to  the  organization  of  this  society  were 
also  influential  in  bringing  about  the  State  Board  of  Agriculture  in  1851. 

The  Indiana  Pomological  Society  was  organized  in  1860  and  in  1864 
its  scope  was  broadened  and  the  second  Indiana  Horticultural  Society 
came  into  being.  It  held  its  first  semi-annual  meeting  in  October,  1865, 
in  Fort  Wayne,  with  a  number  of  notable  fruit  growers  from  other  states 
present  and  participating  in  the  program.  W.  H.  Ragan,  one  of  the 
charter  members  of  our  Academy,  was  the  corresponding  secretary  of 
this  society  in  1869  and  its  secretary  in  1872  and  again  in  1874. 

Now  I  shall  digress  for  a  few  minutes.  In  1819  the  American  Geo- 
logical Society  was  formed  but  it  failed.  However,  by  1839  no  less  than 
fifteen  state  geological  surveys  were  in  operation,  so  that  the  time  was 
ripe  for  a  new  organization  of  geologists,  and  in  1840  the  Association 
of  American  Geologists  was  organized  in  Philadelphia.  At  the  third 
annual  meeting  held  in  Boston  the  name  was  changed  to  The  Association 
of  American  Geologists  and  Naturalists.  The  fourth  meeting,  in  1844, 
was  held  in  Washington  "in  the  month  following  the  great  national  con- 
gress of  scientific  men  assembled  by  the  first  annual  or  general  meeting 
of  the  National  Institution  for  the  Promotion  of  Science."  The  final 
result  was  that  the  Association  of  American  Geologists  and  Naturalists 
met  for  the  last  time  in  1847  in  Boston,  for  the  Association  became  the 
American  Association  for  the  Advancement  of  Science,  which  held  its 
first  meeting  in  the  library  room  of  the  Academy  of  Natural  Sciences  in 
Philadelphia  on  September  20,  1848.3 

The  influence  of  the  American  Association  for  the  Advancement  of 
Science  spread  rapidly,  so  that  in  1858  the  Wabash  Academy  of  Science 
was  organized  at  Crawfordsville.  However,  at  the  preliminary  meeting 
held  in  Crawfordsville  "after  a  full  interchange  of  sentiment  among 
those  present,  it  was  resolved  to  organize  a  similar  institution  in  Indian- 
apolis that  should  embrace  the  circuit  of  the  state,  and  that  should,  if 
possible,  secure  the  united  efforts  of  the  devotees  of  science,  as  well  as 
the  friends  of  progress,  whether  learned  or  unlearned." 

"As  a  preliminary  step  to  state  organization,  J.  S.  Bobbs,  of  Indian- 
apolis, was  appointed  President;  R.  T.  Brown,  S.  T.  Bowen,  and  Prof. 
Thompson,  Vice-Presidents;  John  B.  Dillon,  of  Indianapolis,  Secretary, 
and  James  Ferguson,  Assistant  Secretary." 

"On  the  5th  inst.,  in  pursuance  of  notice  and  the  suggestion  from 
Crawfordsville,  there  was  a  meeting  held  in  the  Senate  Chamber.  In  the 
absence  of  Dr.  Bobbs,  Professor  R.  T.  Brown  took  the  chair,  and  Pro- 
fessor Challen,  secretary  of  the  Crawfordsville  meeting,  read  the  pro- 
ceedings there  had  .  .  ." 

"On  motion,  those  present  proceeded  to  the  permanent  organization 
of  'The  Indiana  Association  for  the   Advancement  of   Science,'  by  the 

3  Summarized  Proceedings,  American  Association  of  Science,   1929  to  1934,  pp.  24-30. 
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election  of  the  following  officers:  President,  J.  S.  Bobbs;  Vice-Presidents, 
Prof.  Wm.  Twining,  Prof.  John  Young,  Dr.  James  Anton;  Secretary, 
Prof.  R.  T.  Brown;  Treasurer,  James  Ferguson." 

"The  following  persons  gave  their  names  as  members,  and  paid  their 
memberships  of  one  dollar,  to  wit:  James  R.  Challen,  J.  S.  Bobbs,  J.  N. 
Ray,  W.  D.  Henkle,  R.  T.  Brown,  John  Young,  J.  J.  Updegraff,  G.  W. 
Hoss,  T.  S.  Updegraff,  Wm.  F.  Webster,  J.  S.  Hougham,  James  Fergu- 
son, Indianapolis;  Wm.  Twining,  Crawfordsville;  J.  Milton  Youart,  La- 
fayette; James  Anton,  Patokia;  J.  L.  Campbell,  Crawfordsville."" 

The  Indiana  Association  was  divided  into  six  sections,  as  follows: 
1.  Animal  and  Vegetable  Physiology  and  Agricultural  Chemistry;  2. 
Natural  History  and  Botany;  3.  Geology,  Chemistry,  and  Mineralogy; 
4.  Geography  and  Meteorology;  5.  Local  History,  Statistics  and  Mental 
Science ;  6.  Mathematics,  Mechanics,  and  Astronomy.  Its  president, 
Dr.  J.  S.  Bobbs,  was  a  surgeon  and  the  first  surgeon  ever  to  operate 
on  the  gall  bladder.  He  was  on  the  Indiana  Asbury  Medical  Faculty 
from  1849-1852,  and  later  became  a  professor  in  the  Indiana  Medical 
College. 

With  the  opening  of  the  Civil  War  and  the  entrance  of  a  number 
of  its  prominent  members  into  the  army,  the  Indiana  Association  for 
the  Advancement  of  Science  languished  and  perished.  However,  among 
its  members,  who  were  later  to  become  charter  members  of  our  Academy, 
were  Dr.  Ryland  T.  Brown  of  Indianapolis,  Professor  John  L.  Campbell 
of  Wabash  College  at  Crawfordsville,  and  Professor  Daniel  Kirkwood 
of  Indiana  University.  Dr.  Brown  was  "Geological  Agent"  for  the  State 
Board  of  Agriculture  in  1852,  and  later  was  Professor  of  Natural  Sci- 
ences in  Northwestern  Christian  University,  now  Butler  University, 
teaching,  among  other  things,  some  chemistry.  He  was  also  a  prominent 
preacher.  Professor  John  L.  Campbell  was  Professor  of  Civil  Engineer- 
ing at  Wabash  College  and  was  president  of  our  Academy  in  1892.  Dr. 
Daniel  Kirkwood  was  Professor  of  Astronomy  at  Indiana  University. 

Following  the  close  of  the  Civil  War  it  was  not  long  until  the  sci- 
entists in  Indianapolis  again  felt  the  need  of  an  organization.  "In  the 
early  part  of  October,  1870,  a  call  was  issued  in  the  daily  papers  for  a 
meeting  at  the  rooms  of  the  State  Board  of  Agriculture  of  those  favor- 
able to  the  formation  of  a  society  for  the  promotion  and  cultivation  of 
science.  Pursuant  thereto,  the  first  meeting  was  held  on  the  18th  of 
October,  which  was  presided  over  by  Prof.  E.  T.  Cox,  State  Geologist, 
and  attended  by  about  twenty  gentlemen.  The  object  of  the  meeting, 
as  stated  by  the  chairman,  was  to  form  an  association  through  which 
the  results  of  the  investigations  of  its  members  could  be  given  to  the 
public,  and  by  which,  students  in  scientific  knowledge  could  be  assisted 
and  encouraged,  a  statement  which  met  with  the  hearty  concurrence  of 
those  present.  Measures  were  taken  to  form  a  constitution,  and  on  the 
first  of  November  a  permanent  organization  was  effected  by  the  election 
of  the  following  officers: 

President— E.  T.  Cox 

Vice-Presidents — Wm.   Twining  and  J.   M.  Gaston 

Corresponding  Secretary — W.  Webster   Butterfield 

4  Indiana  School   Journal.   3:339-342;   382.     1858. 
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Recording  Secretary — Dan  L.  Paine 

Treasurer — John  W.  Byrkit 

Librarian — D.  M.  Berry 

Curators — G.    M.    Levette    and    Thad    M.    Stevens 

"Articles  of  Association  were  duly  filed  with  the  proper  state  officer 
on  the  30th  day  of  December,  1870,  and  the  legal  existence  of  the 
Academy  dates  from  that  time."5 

Thus  was  organized  the  Indianapolis  Academy  of  Sciences.  The 
Academy  held  meetings,  conducted  a  lecture  course  and  issued,  in  1872, 
its  Transactions,  in  which  were  published  the  constitution,  by-laws,  mem- 
bership roll,  history,  and  several  papers.  It  had  three  classes  of  mem- 
bership, namely,  honorary,  corresponding  and  resident.  The  names  of 
Louis  Agassiz,  J.  D.  Dana  and  Asa  Gray  constitute  its  honorary  member- 
ship roll. 

Following  the  death  of  Thomas  Say  in  1834,  Indiana  was  without  a 
productive  zoologist  until  the  middle  fifties,  when  Dr.  Rufus  Haymond, 
a  practicing  physician  at  Brookville,  with  a  deep  interest  in  natural 
history,  published  a  paper  in  the  Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia,  entitled  "Birds  of  Southeastern  Indiana,"  in 
which  he  listed  138  species.  Thirteen  years  later,  in  the  Eleventh  An- 
nual Report  of  the  Indiana  State  Board  of  Agriculture  and  the  Report  of 
E.  T.  Cox,  State  Geologist  for  1869,  Dr.  Haymond  published  a  list  of  32 
species  of  mammals  of  Indiana  and  163  species  of  birds  in  Franklin 
County;  and  he  also  reported  on  the  physical  geography  of  that  county. 

In  1873,  the  great  naturalist,  Louis  Agassiz,  established  his  Marine 
Laboratory  on  the  island  of  Penikese  in  Buzzard's  Bay  and  there  gath- 
ered about  him  a  number  of  students  who  were  to  receive  such  inspira- 
tion and  insight  and  reverence  for  scientific  truth  from  this  great  teacher 
as  to  make  felt  to  this  day  his  influence  on  American  science.  Among 
these  students  were  David  Starr  Jordan  and  Joseph  Moore.  Jordan 
came  to  Indianapolis  in  1874  as  teacher  of  natural  history  in  the  high 
school.  In  1875  he  became  Professor  of  Natural  Science  in  what  is  now 
Butler  University,  and  in  1879,  he  became  Professor  of  Zoology  at 
Indiana  Universty.  Joseph  Moore  came  to  Earlham  College  as  Pro- 
fessor of  Natural  Science. 

Now  let  us  return  to  Brookville,  where  on  October  1,  1860,  was  born 
one  who  was  to  become  founder  of  the  Indiana  Academy  of  Science, 
Amos  W.  Butler.  As  a  youth  Butler  sat  at  the  feet  of  the  naturalist, 
Dr.  Rufus  Haymond,  and  from  him  received  information  and  encourage- 
ment. In  Brookville,  from  1878  to  1886,  the  pastor  of  the  Presbyterian 
church  was  the  Reverend  David  R.  Moore,  who  arranged  for  occasional 
lectures,  some  of  which  were  on  scientific  subjects.  Young  Butler  asso- 
ciated himself  with  the  Reverend  Moore,  Edgar  R.  Quick,  and  a  few 
others  who  were  interested  in  natural  science,  so  that  in  January,  1881, 
the  Brookville  Society  of  Natural  History  was  formed  with  the  Rev- 
erened  Moore  as  president,  Amos  W.  Butler  as  secretary,  and  Edgar  R. 
Quick  as  correspondent.     Thereafter,  for  several  years,  a  regular  lecture 

8  Transactions  of  the  Indianapolis  Academy  of   Science,    1872,   pp.    17-18.     Dr.    C.    C. 
Deam   kindly   loaned  me   a  copy   of   these   Transactions. 
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course  was  conducted  and  among  the  lecturers  were  David  Starr  Jordan, 
John  M.  Coulter,  Charles  H.  Gilbert,  R.  E.  Call,  D.  W.  Dennis,  John  Uri 
Lloyd,  J.  P.  D.  John,  Daniel  G.  Rrinton,  B.  W.  Evermann,  Joseph  F. 
James,  Charles  W.  Hargitt,  Stanley  Coulter,  and  John  L.  Campbell. 
Also  the  society  encouraged  active  research  and  within  the  next  few 
years  the  Reverend  Moore,  Butler,  and  Quick  published  a  number  of 
papers  based  on  the  results  of  their  own   scientific  studies. 

In  August,  1881,  the  American  Association  for  the  Advancement  of 
Science  met  in  Cincinnati.  Young  Butler,  not  yet  21  years  of  age,  at- 
tended this  meeting  and  there  met  Harvey  W.  Wiley,  T.  C.  Mendenhall, 
F.  W.  Putnam,  C.  V.  Riley,  H.  T.  Eddy,  N.  H.  Winchell,  0.  T.  Mason, 
Ormond  Stone,  E.  S.  Morse,  F.  E.  Nipher,  and  many  other  prominent 
scientists  of  America.  The  influence  of  this  meeting  and  the  contacts 
with  the  scientists  were  such  that  Butler  attended  the  A.  A.  A.  S.  meet- 
ings regularly  for  a  number  of  years,  he  was  also  so  fired  with  the 
desire  to  have  regular  contact  with  other  scientists  of  the  state  that  he 
entered  into  correspondence  with  John  M.  Coulter,  Charles  R.  Barnes, 
Daniel  Kirkwood,  David  Starr  Jordan,  Robert  B.  Warder,  Philip  S. 
Baker,  Oliver  P.  Jenkins,  T.  A.  Wyiie,  David  W.  Dennis,  John  P.  D. 
John,  Richard  Owen,  Stanley  Coulter,  C.  A.  Waldo,  J.  P.  Naylor,  Charles 
W.  Hargitt,  and  others.  Butler  was  by  no  means  a  stranger  to  a  number 
of  these  men  for  he  had  been  a  student  under  J.  P.  D.  John  at  Brookville 
College,  a  student  under  John  M.  Coulter  at  Hanover  College,  and  a 
student  under  Daniel  Kirkwood  and  Richard  Owen  at  Indiana  University. 
Also  he  knew  Barnes  at  Hanover,  and  he  had  previously  met  Jordan  at 
Brookville.  The  majority  of  the  men  to  whom  Butler  wrote  encouraged 
him  with  favorable  replies. 

At  the  A.  A.  A.  S.  meeting,  held  in  Ann  Arbor  in  1885,  several 
Indiana  scientists,  among  them  Butler,  met  together,  and  with  them 
John  C.  Branner,  who  was  that  fall  coming  to  Indiana  University  as 
Professor  of  Geology.  ''It  was  decided  that  a  State  Academy  of  Science 
should  be  organized,  also  that  the  Brookville  Society  of  Natural  History, 
as  the  most  active  scientific  society  in  the  state,  be  requested  to  call  a 
meeting  for  that  purpose  and  prepare  a  program  for  it.  That  society 
accepted  the  responsibility  and  Rev.  D.  R.  Moore,  S.  P.  Stoddard,  M.  D., 
and  Amos  W.  Butler  were  appointed  a  committee  to  act."  The  commit- 
tee made  arrangements  for  a  meeting  which  was  held  in  the  Marion 
County  Court  House,  December  29,  1885.  This  meeting  was  attended  by 
about  forty  persons  and  Dr.  John  P.  D.  John,  of  DePauw  University, 
acted  as  temporary  chairman.  A  permanent  organization  was  effected, 
a  constitution  and  by-laws  were  adopted,  and  David  Starr  Jordan  was 
chosen  as  the  first  president  and  Amos  W.  Butler  the  first  secretary. 
"A  program  of  papers  presenting  the  knowledge  of  that  time  of  differ- 
ent departments  of  science  in  Indiana  was  carried  out"  with  the  follow- 
ing authors  and  subjects: 

Philip  S.  Baker — Indiana  Entomology. 

Ryland  T.  Brown — Indiana  Geology. 

Amos   W.    Butler — The   Past   and   Present   of   Indiana   Ornithology. 

J.  B.  Conner — Statistical  Investigations  in  Indiana. 
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John  M.  Coulter — Progress  of  Botanical  Work  in  Indiana. 

Oliver  P.  Hay — The  Present  Condition  of  Our  Knowledge  of  Indiana 
Herpetology. 

Oliver  P.  Jenkins — Account  of  the  Work  Done  in  Invertebrate  Zool- 
ogy in  Indiana. 

David  Starr  Jordan — (1)  Sketch  of  C.  S.  Rafinesque;  (2)  Account  of 
the  Work  Done  in  Ichthyology  in  Indiana. 

Daniel  Kirkwood — Astronomical  Study  in  Indiana. 

David  R.  Moore — Our  Knowledge  of  Indiana  Conchology. 

Joseph  P.  Naylor — The  Progress  of  Physics  in  Indiana. 

Richard  Owen — Sketch  of  the  Work  Accomplished  for  Natural  and 
Physical  Science  in  Indiana. 

Edgar  R.  Quick — The  Progress  of  the  Study  of  Mammalogy  in 
Indiana. 

W.  H.  Ragan — Meteorology  in  Indiana. 

Josiah  T.  Scovell — Geographical  Studies  in  Indiana. 

Maurice  Thompson — Mineralogical  Investigation  in  Indiana. 

Robert  B.  Warder — Chemical  Work  in  Indiana. 

Thus  was  the  Indiana  Academy  of  Science  founded,6  and  back  of  its 
foundation  may  be  seen  the  influence  of  four  distinct  factors:  1.  The 
scientific  influences  of  New  Harmony;  2.  the  development  of  geological 
investigation;  3.  the  subtle  but  neverthless  real  influence  of  Agassiz; 
4.  the  inspiration  derived  from  the  American  Association  for  the  Ad- 
vancement of  Science.  Among  the  charter  members  of  the  Academy  are 
found  the  names  of  Amos  W.  Butler,  David  R.  Moore,  Dr.  S.  P.  Stoddard, 
and  Edgar  R.  Quick  of  the  Brookville  Society.  Of  the  old  association 
of  1858,  Dr.  R.  T.  Brown,  John  L.  Campbell,  and  Daniel  Kirkwood  were 
also  charter  members  of  our  Academy,  and  the  Horticultural  Society 
is  represented  by  W.  H.  Ragan.  Dr.  R.  T.  Brown,  Daniel  Kirkwood, 
Richard  Owen,  and  Frederick  Stein  of  our  Academy  were  members  of 
the  Indianapolis  Academy  of  Sciences.  Among  the  geologists  we  find 
Richard  Owen,  A.  J.  Phinney,  George  K.  Greene,  J.  L.  Campbell,  Maurice 
Thompson,  C.  R.  Dryer,  W.  S.  Blatchley,  John  C.  Branner,  and  some- 
what to  our  surprise,  J.  L.  Hurty  and  John  M.  Coulter.  The  influence 
of  Agassiz  is  seen  in  that  splendid  group  who  were  influenced  by  David 
Starr  Jordan;  namely:  Alembert  W.  Brayton,  Charles  H.  Gilbert,  Seth 
Eugene  Meek,  Carl  H.  Eigenmann,  Morton  W.  Fordice,  Barton  W.  Ever- 
mann,  Willis  S.  Blatchley,  Oliver  P.  Jenkins,  and  finally  David  W.  Dennis, 
who  received  his  inspiration  from  Joseph  Moore. 

Following  the  first  meeting  the  rolls  of  the  Academy  were  held  open 
for  a  time  to  permit  those  to  enroll  as  charter  members  who  were 
unable  to  attend  the  first  meetings.  At;  the  close  of  the  spring  meeting 
of  1886  the  number  of  charter  members  was  43,  but  subsequent  meetings 
increased  this  number  to  68,  to  the  best  of  my  knowledge,  as  determined 
from  the  early  directories.     Of  these  charter  members,  fifteen  are  still 

6  The  information  on  the  founding  of  the  Academy  was  obtained  from  Vol.  1  (1891) 
and  Vol.  33  (1923)  of  the  Proceedings,  and  private  correspondence  with  Amos  W. 
Butler. 
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with  us  whom  we  honor  today.7  But  what  manner  of  men  were  these 
charter  members?  We  have  not  time  to  discuss  all  of  them,  but  I  believe 
we  owe  it  to  the  younger  generation  of  Indiana  scientists  to  mention 
the  deeds  of  a  few  who  were  giants  in  those  days  and  are  still  recognized 
as  giants  in  these  days. 

Amos  W.  Butler  (1860-  ).  Founder  of  the  Indiana  Academy  of 
Science,  zoologist  and  anthropologist.  Educated  at  Hanover  College  and 
Indiana  University.  Student  of  John  M.  Coulter  at  Hanover,  and  of 
Daniel  Kirkwood  and  Richard  Owen  at  Indiana.  Secretary  of  the  State 
Board  of  Charities  of  Indiana  for  many  years,  with  a  national  reputation 
on  account  of  his  work  for  social  welfare.  Author  of  many  papers,  and 
the  one  who  knows  more  about  Indiana  birds  than  any  other  living  man. 
President  of  our  Academy  in  1895. 

David  R.  Moore  (1850-1932).  Presbyterian  minister,  archeologist 
and  naturalist.  Educated  at  Miami  University,  Lane  Theological  Sem- 
inary, and  Princeton  University.  Author  of  several  papers.  Active  in 
founding  the  Indiana  Academy  of  Science. 

Joseph  Charles  Arthur  (1850-  ).  Botanist  and  world  author- 
ity on  plant  rusts.  Educated  at  Iowa  State  College  and  Cornell  Uni- 
versity. Professor  at  Purdue  University  from  1887  to  1915  and  Emeritus- 
Professor  since  that  time.  Author  of  many  papers  and  authoritative 
works.  President  of  Botanical  Society  twice,  in  1902  and  1919.  Presi- 
dent of  our  Academy  in  1893  and  now  the  oldest  living  past  president. 

Willis  Stanley  Blatchley  (1859-  ).  Geologist,  botanist,  and 
entomologist.  Educated  at  Indiana  University.  Student  of  Jordan  and 
Branner.  State  Geologist  of  Indiana,  1894-1911;  member  of  the  Scovell 
scientific  expedition  to  Mexico,  1891;  author  of  a  large  number  of  im- 
portant papers  on  Indiana  fauna  and  of  classical  volumes  on  Orthoptera, 
Heteroptera,  and  Coleoptera  of  Indiana,  and  on  the  Rhynchophora  of 
Northeastern  America.  Considered  by  Evermann  to  be  the  most  active 
and  enthusiastic  naturalist  Indiana  has  ever  produced.  President  of  our 
Academy  in  1903. 

John  Casper  Branner  (1850-1922).  Geologist.  Educated  at  Cor- 
nell and  Indiana  Universities.  Professor  of  Geology,  Indiana  University, 
1885-1892;  member  of  the  Imperial  Geological  Survey  of  Brazil  for  a 
number  of  years;  State  Geologist  of  Arkansas  1887-1892;  Professor  of 
Geology,  Stanford  University,  1892-1915;  Vice-President,  1899-1913, 
President,  1913-1915,  Stanford  University;  Emeritus,  1915-1922.  Made 
numerous  trips  to  Brazil  on  geological  expeditions  for  that  nation.  He 
also  went  on  an  expedition  in  1880-1881  for  Thomas  A.  Edison  seeking  a 
vegetable  fibre  suitable  for  filament  in  incandescent  lamp.  President 
of  our  Academy  in  1889. 

John  Merle  Coulter  (1851-1928).  Botanist  with  an  international 
reputation.     Educated  at  Hanover  College  and  Indiana  University.     Pro- 

'  J.  C  Arthur,  George  W.  Benton,  W.  S.  Blatchley,  J.  B.  Burris,  Amos  W.  Butler, 
Stanley  Coulter,  Robert  Hessler,  David  M.  Mottier,  W.  A.  Noyes,  A.  J.  Phinney,  Mor- 
ton W.  Fordice,  Oliver  P.  Jenkins,  Lillien  J.  Marl  in,  J.  P.  Naylor,  and  Henry  A. 
Huston.     The  first  ten  were  in  attendance  at  the  fiftieth  Anniversary   meeting. 
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fessor  of  Natural  Sciences,  Hanover  College,  1874-1879;  Professor  of 
Biology,  Wabash  College,  1879-1891;  Professor  of  Botany  and  President 
of  Indiana  University,  1891-1893;  President  of  Lake  Forest  University, 
1893-1896;  Head  of  Department  of  Botany,  University  of  Chicago,  1896- 
1925;  President  of  the  American  Association  for  the  Advancement  of 
Science,  1919;  one  of  America's  outstanding  scientists.  President  of 
our  Academy  in  1887. 

Stanley  Coulter  (1853-  ).  Botanist,  conservationist,  and  a  tre- 
mendous influence  for  student  good  in  Indiana  college  life.  Educated  at 
Hanover  College.  Professor  of  Biology  and  Director  of  biological  labora- 
tories, Purdue  University,  1887-1926;  Dean  of  Science,  1905-1926,  Dean 
of  Men,  1915-1926,  Emeritus,  1926-  ,  Purdue  University;  author  of 
numerous  papers  on  botany  and  forestry;  Head  of  Indiana  State  Con- 
servation and  Parks  for  many  years.  Grand  old  man  of  Purdue  Uni- 
versity. Now  with  Eli  Lilly  Company,  Indianapolis.  President  of  our 
Acadamy  in  1896. 

David  Worth  Dennis  (1849-1916).  Naturalist  and  educator.  Edu- 
cated at  Earlham  College,  Syracuse  University,  Bonn  and  Edinburgh 
Universities.  President  of  Wilmington,  Ohio,  College,  1879-1881 ;  Pro- 
fessor of  Biology,  Earlham  College,  1884-1916.  At  the  twenty-fifth  an- 
niversary meeting  of  the  Academy  in  1901,  President  Foley  stated: 
''There  is  no  man  in  Indiana  who  has  had  more  influence  upon  the  teach- 
ers of  the  state,  upon  the  schools  of  the  state;  there  is  no  man  who  has 
been  closer  to  the  hearts  of  his  pupils.  There  is  no  man  who  has  had 
more  to  do  with  the  development  of  science  in  Indiana  than  has  Professor 
David  W.  Dennis."     President  of  our  Academy  in  1900. 

Charles  Redway  Dryer  (1850-1927).  Geologist  and  Geographer. 
Educated  at  Hamilton  College,  and  the  Universities  of  Michigan  and 
Buffalo.  Graduate  in  medicine;  assistant  in  Indiana  state  geological 
survey,  1886-1893;  Professor  of  Geology  and  Geography,  Indiana  State 
Normal  School,  now  Indiana  State  Teachers  College,  1893-1913.  Author 
of  papers  on  geology  and  physical  geography  of  Indiana  and  of  text- 
books.    President  of  our  Academy  in  1911. 

Carl  H.  Eigenmann  (1863-1927).  Zoologist  and  ichthyologist. 
Educated  at  Indiana  University  and  one  of  David  Starr  Jordan's  great- 
est pupils.  Professor  of  Zoology,  Indiana  University,  1891-1927;  Dean 
of  Graduate  School,  1908-1927.  Explored  in  western  United  States, 
Canada,  Cuba,  British  Guiana,  Colombia,  Peru,  Bolivia,  and  Chile.  World 
authority  on  fishes  and  another  one  of  America's  outstanding  scien- 
tists. Author  of  numerous  important  papers.  President  of  our  Academy 
in   1899. 

Barton  Warren  Evermann  (1853-1932).  Ichthyologist,  ornitholo- 
gist, and  naturalist.  Educated  at  Indiana  University.  Another  one  of 
David  Starr  Jordan's  great  pupils.  Professor  of  Biology,  Indiana  State 
Normal  School,  1886-1891;  U.  S.  Government  Bureau  of  Fisheries, 
1891-1910;  Administrator  of  Alaska  Fisheries  Services,  1910-1914;  Direc- 
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tor  of  Museum,  California  Academy  of  Sciences,  1914-1932.     Author  of 
numerous  papers  on  fishes  and  birds. 

Thomas  Gray  (1850-1908).  Engineer  of  international  reputation. 
Educated  at  University  of  Glasgow.  Worked  under  and  with  Sir  William 
Thomson,  later  Lord  Kelvin,  at  different  periods  for  a  number  of  years, 
serving  as  engineering  representative  of  Kelvin  and  Jenkins  in  the  manu- 
facture and  laying  of  the  Commercial  Company's  two  Atlantic  cables. 
Professor  of  Telegraph  Engineering,  Imperial  University  of  Tokio, 
Japan,  1879-1881,  and  there  he  met  T.  C.  Mendenhall,  who  later  became 
President  of  Rose  Polytechnic  Institute  and  who  induced  Gray  to  become 
Professor  of  Dynamic  Engineering,  Rose  Polytechnic  Institute,  1888-1908. 
Prepared  the  Smithsonian  Tables,  published  in  1896.  Author  of  numer- 
ous authoritative  papers  on  seismology,  mechanical  and  electrical  engi- 
neering.    President  of  our  Academy  in  1897. 

Oliver  Peebles  Jenkins  (1850-1935).  Physiologist.  One  of  David 
Starr  Jordan's  pupils.  Educated  at  Moore's  Hill  College  and  Indiana 
University.  Professor  of  Natural  Sciences,  Moore's  Hill  College,  1876- 
1882;  Indiana  State  Normal  School,  1883-1886;  Professor  of  Biology, 
DePauw  University,  1886-1891;  Professor  of  Physiology,  Stanford  Uni- 
versity, 1891-1916;  Emeritus,  1916-1935.  Joint  director  with  Charles  H. 
Gilbert,  a  charter  member  of  our  Academy,  of  Stanford  Marine  Labora- 
tory, 1892-1916.     Author  of  numerous  papers. 

John  Price  Durbin  John  (1843-1916).  Mathematician,  educator 
and  lecturer.  Virtually  self-educated.  Professor  of  Mathematics,  Brook- 
ville  College,  1863-1869,  President,  1869-1872 ;  Professor  of  Mathematics, 
Moore's  Hill  College,  1872-1876,  President,  1876-1882;  Professor  of 
Mathematics,  DePauw  University,  1882-1895,  President,  1889-1895;  Lec- 
turer, 1895-1916.  Debated  with  Robert  J.  Ingersoll.  Possessed  national 
reputation  as  lecturer.  Influential  in  religious  education.  President  of 
our  Academy  in  1888. 

David  Starr  Jordan  (1851-1931).  Ichthyologist,  and  all  round 
naturalist,  educator  and  exponent  of  world  peace.  Probably  greatest 
scientist  ever  associated  with  our  Academy.  Pupil  of  Agassiz.  Edu- 
cated at  Cornell  University  and  Indiana  Medical  College.  Teacher,  Indi- 
anapolis High  School,  1874-1875;  Professor  of  Biology,  Butler  Univer- 
sity, 1875-1879;  Professor  of  Zoology,  Indiana  University,  1879-1885; 
President,  Indiana  University,  1885-1891;  President,  Stanford  University 
from  its  founding  in  1891  to  1913,  Emeritus,  1913-1931.  Author  of 
classical  scientific  works  and  of  numerous  papers.  A  man  who  inspired 
men  and  who  has  left  an  indelible  impress  on  Indiana  science  and  edu- 
cation. President  of  the  American  Association  for  the  Advancement  of 
Science  in  1909.     First  president  of  our  Academy. 

John  Sterling  Kingsley  (1854-1929).  Zoologist.  Educated  at 
Williams  College,  Princeton  University,  and  University  of  Freiburg.  Pro- 
fessor of  Zoology,  Indiana  University,  1887-1890;  University  of  Ne- 
braska, 1889-1891;  Tufts  College,  1892-1913;  University  of  Illinois, 
1913-1921,   Emeritus,    1921-1929.      Editor   of   the   American  Naturalist, 
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1884-1896;  and  editor  of  Journal  of  Morphology,  1910-1920.  One  of 
America's  leading  zoologists. 

Daniel  Kirkwood  (1814-1894).  Astronomer  and  mathematician. 
Educated  at  Washington  College.  Professor  of  Mathematics  and  Astron- 
omy, Indiana  University,  1856-1886.  Author  of  volumes  on  "Meteoric 
Astronomy"  and  "Comets  and  Meteors,"  and  of  papers  on  the  minor 
planets  or  asteroids  and  the  causes  of  the  divisions  in  Saturn's  Rings. 
Kirkwood  pointed  out  in  1866  that  no  asteroids  have  periods  that  are 
simple  fractions  of  Jupiter's  period  and  these  gaps  are  known  as  Kirk- 
wood's  Gaps.  He  was  called  "The  Kepler  of  America."  Elected  first 
Honorary  Member  of  our  Academy  in  1890. 

Lillien  Jane  Martin  (1851-  ).  Psychologist.  Educated  at  Vas- 
sal- College  and  Gottingen,  Wurtzburg,  Bonn,  and  Munich  Universities. 
Teacher  in  Indiana  High  Schools,  1880-1889.  Vice-principal  and  head 
of  department  of  science,  Girl's  High  School,  San  Francisco,  California, 
1889-1894;  Professor  of  Psychology,  Stanford  University,  1899-1916, 
Emeritus,  1916-  .  Consulting  psychologist.  Only  woman  charter 
member  of  our  Academy. 

Thomas  Corwin  Mendenhall  (1841-1924).  Physicist  and  scientist 
of  national  standing.  Educated  at  Normal  School,  Lebanon,  Ohio,  and 
Western  Reserve  University,  but  never  graduated.  Superintendent  of 
Schools,  Middle-town,  Ohio,  1866-1868;  Instructor  in  Physical  Science, 
Columbus  High  School,  1868-1873 ;  first  Professor  of  Physics,  Ohio  State 
University,  1873-1878,  1881-1884;  Professor  of  Physics,  Imperial  Uni- 
versity of  Tokio,  Japan,  1878-1881;  Professor  of  Electricity,  U.  S.  Sig- 
nal Corps,  1884-1886;  President,  Rose  Polytechnic  Institute,  1886-1889; 
Chief,  U.  S.  Coast  and  Geodetic  Survey,  1889-1894;  President,  Worcester 
Polytechnic  Institute,  1894-1901.  Retired  in  1901,  on  account  of  failing- 
health,  and  spent  eleven  years  in  Europe.  President  of  the  American 
Association  for  the  Advancement  of  Science  in  1889,  and  President  of 
our  Academy  in  1890. 

William  Albert  Noyes  (1857-  ).  Chemist.  Educated  at  Grin- 
nell  College,  Johns  Hopkins  and  Munich  Universities.  Professor  of 
Chemistry,  Rose  Polytechnic  Institute,  1886-1903;  Chemist,  Bureau  of 
Standards,  1903-1907;  Professor  of  Chemistry  and  Director  of  Chemical 
Laboratory,  University  of  Illinois,  1907-1926,  Emeritus,  1926-  .     Edi- 

tor, Journal  of  American  Chemical  Society,  1907-1917.  President  of 
American  Chemical  Society,  1920.  Author  of  numerous  important  papers 
on  chemistry  and  one  of  America's  outstanding  chemists.  President  of 
our  Academy  in  1894. 

Richard  Owen  (1810-1890).  Geologist  and  naturalist.  Youngest 
son  of  Robert  Owen  of  New  Harmony.  Educated  in  Lanark,  Scotland, 
and  Haforyl  Andersonian  Institute,  Glasgow.  Graduate  in  medicine. 
Professor  of  Natural  Science,  Western  Military  Institute  of  Kentucky, 
1849  ;  University  of  Nashville,  1858-1859;  Assistant  State  Geologist 

and  State  Geologist  of  Indiana,  1859-1861.  Served  in  Mexican  War, 
1847-1848   and    Civil    War,    1861-1864.      Professor   of   Natural    Sciences, 


There  Were  Giants  in  Those  Days  37 

Indiana  University  1864-1879.  Elected  first  president  of  Purdue  Uni- 
versity in  1872  but  resigned  in  1874  before  the  actual  opening  of  the 
university.    Was  succeeded  at  Indiana  University  by  David  Starr  Jordan. 

Josiah  Thomas  Scovell  (1841-1915).  Geologist  and  naturalist. 
Educated  at  Oberlin  College  and  Rush  Medical  College.  Professor  of 
Physiology  and  Geography,  Indiana  State  Normal  School,  1872-1881; 
teacher  of  science,  Terre  Haute  High  School,  1895-1907.  Leader  of  ex- 
pedition to  Mexico  in  1892  that  ascended  Mt.  Orizaba  and  Mt.  Popo- 
catepetl, and  determined  the  elevation  of  the  first  mentioned  mountain. 
Author  of  several  textbooks  and  a  number  of  papers  in  geography,  biol- 
ogy, and  conchology. 

Alexander  Smith  (1865-1922).  Chemist  of  national  standing. 
Educated  at  Universities  of  Edinburgh  and  Munich.  Came  to  the  United 
States  in  1890  and  was  recommended  by  W.  A.  Noyes  to  John  M.  Coulter 
for  professorship  of  chemistry  at  Wabash  College,  which  position  he  held 
from  1890  to  1894.  Professor  of  Chemistry,  University  of  Chicago, 
1894-1911;  Professor  and  Head  of  Department  of  Chemistry,  Columbia 
University,  1911-1919.  Retired  on  account  of  ill  health.  Author  of 
numerous  papers  on  chemistry.  President  of  American  Chemical  So- 
ciety in  1911. 

Joseph  Swain  (1857-1927).  Mathematician  and  naturalist.  Edu- 
cated at  Indiana  University.  One  of  David  Starr  Jordan's  pupils.  In- 
structor of  Mathematics  and  Biology,  Indiana  University,  1883-1885; 
Associate  Professor  and  Professor  of  Mathematics,  Indiana  University, 
1885-1891;  Professor  of  Mathematics,  Stanford  University,  1891-1893; 
President  of  Indiana  University,  1893-1902;  President  of  Swarthmore 
College,  1902-1921,  Emeritus,  1921-1927. 

Harvey  Washington  Wiley  (1844-1930).  Chemist  and  public  serv- 
ant. Educated  at  Hanover  College,  Harvard  University,  and  Indiana 
Medical  College.  Professor  of  Latin  and  Greek,  Butler  University, 
1868-1870;  teacher  of  science,  Indianapolis  High  School,  1871;  Professor 
of  Chemistry,  Butler  University,  1874;  Professor  of  Chemistry  and 
State  Chemist,  Purdue  University,  1874-1883;  Chief  Chemist,  U.  S.  De- 
partment of  Agriculture,  1883-1912;  Professor  of  Agricultural  Chem- 
istry, George  Washington  University,  1899-1930.  Nationally  honored 
and  respected  for  his  efforts  for  pure  food  laws.  One  of  our  Academy's 
most  prominent  members,  and  its  President  in  1902. 

I  greatly  regret  that  time  does  not  permit  the  continuation  of  the 
naming  of  the  great  scientists  who  have  been  members  of  our  Academy. 
However,  I  must  take  time  to  mention  just  a  few  more  names  without 
comment,  scientists  who  left  Indiana  and  some  of  whom  are  no  longer 
with  us:  Charles  H.  Gilbert,  Stanford  University;  Lucien  M.  Underwood, 
Columbia  University;  Charles  Wesley  Hargitt,  Syracuse  University; 
Oliver  P.  Hay,  Carnegie  Institution  of  Washington;  Charles  Reid 
Barnes,  University  of  Chicago;  Clarence  A.  Waldo,  Purdue  University 
and  Washington  University,  St.  Louis;  Robert  Ridgway,  U.  S.  National 
Museum;  W.  F.  M.  Goss,  Purdue  University  and  University  of  Illinois; 
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Jerome  McNeill,  Florida  State  College;  J.  Rollin  Slonaker,  Stanford 
University;  Daniel  T.  MacDougal,  Carnegie  Institution  Desert  Labora- 
tory, Tuscon,  Arizona;  George  T.  Moore,  Missouri  Botanical  Gardens; 
John  A.  Miller,  Swarthmore  College;  Albert  Homer  Purdue,  Tennessee 
State  Geologist;  Charles  W.  Greene,  University  of  Missouri;  A.  Wilmer 
Duff,  Worcester  Polytechnic;  Charles  Zeleny,  University  of  Illinois;  Mel 
T.  Cook,  Porto  Rico;  Charles  T.  Knipp,  University  of  Illinois,  and  many 
others. 

And  so  I  come  to  the  conclusion.  I  hope  this  recital  of  illustrious 
names  of  those  who  have  done  so  much  for  science  in  Indiana  and  our 
nation,  names  of  scientists  who  were  once  active  in  our  Academy  as  we 
are  active  today,  will  inspire  the  younger  scientists  of  Indiana  to  attempt 
to  follow  in  their  footsteps.  Indiana  produced  giants  in  those  days.  It 
is  my  hope  that  when  the  centennial  meeting  of  our  Academy  is  cele- 
brated in  1984,  someone  speaking  with  authority  may  say  there  were 
giants  in  our  days. 
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five  years.  Leland  Stanford  Junior  University  Publications,  Univ. 
Series,   pp.  1-161. 

1930.  Check  list  of  the  fishes  and  fish-like  vertebrates  of  North  and 
Middle  America  north  of  the  northern  boundary  of  Venezuela  and 
Colombia.     Doc.  1055,  pt.  2,  pp.  1-670. 
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PROGRAM  OF  THE  BOTANICAL  SECTION 
M.  S.  Markle,  Chairman 

1.  Temperature  changes  and  the  water  content  of  Salix  and  Helianthus. 
E.  A.  Purer,  San  Diego  High  School,  California,  and  Delzie  Demaree, 
State  of  Ohio,  Forestry  Department. 

2.  Pteridophytes  in  Lawrence  County.     Ralph  M.  Kriebel,  Bedford. 

3.  The  effect  of  interrupted  translocation  upon  loss  of  chlorophyll  in 
leaves  during  autumn  coloration.  Agatha  Louise  Griffin,  Butler 
University. 

4.  Plants  new  or  rare  to  Indiana.     XX.     Charles  C.  Deam,  Bluffton. 

5.  Physical  features  in  relation  to  limberness  in  wood.  J.  E.  Potzger 
and  Florence  Geisler,  Butler  University. 

6.  Plant  records  from  the  Dunes.    Carl  A.  Buhl,  University  of  Chicago. 

7.  Periodicity  and  taxonomy  of  plankton  algae  of  White  River  Canal, 
Indianapolis.     E.  Charlene  Coffing,  Butler  University. 

8.  A  sampling  method  for  Piceetum  rubrae  and  Abietum  Fraseri  of 
the  Great  Smoky  Mountains  National  Park.  Stanley  A.  Cain,  Indi- 
ana University. 

9.  Quercetum  montanae  in  Lilly's  Woods,  Brown  County,  Indiana. 
Stanley  A.  Cain,  Indiana  University. 

10.  Indiana  fungi.     XIII.    J.  M.  VanHook,  Indiana  University. 

11.  Further  studies  on  the  algae  of  Indiana.     M.  E.  Britton  and  B.  H. 
Smith,  Indiana  State  Teachers  College. 

12.  Notes  on  some  Cyanophyceae  from  the  Middle  West.    Lois  C.  Lillick, 
University  of  Cincinnati. 

13.  The   anatomy  of  an   anomalous   grass,   Hymenachne   amplexicaulis. 
James  L.  Haynes,  Indiana  University. 

14.  Distribution  of  water  in  the  leaves  and  stems  of  Ricinus  communis 
L.     Delzie  Demaree,  State  of  Ohio,  Forestry  Department. 

15.  The    effect    of   fluorescent    and    phosphorescent   minerals    upon    the 
growth  of  fungi.     John  N.  Porter,  Purdue  University. 

16.  Evaporation   and   soil   moisture   on  north-   and   south-facing  slopes 
of  a  Monroe  County  ridge.     J.  E.  Potzger,  Butler  University. 

17.  The  anatomy  of  the   seedling  of  Asparagus   officinalis   L.     Naomi 
Mullendore,  Franklin  College. 

18.  Rare  Gasteromycetes  of  Indiana.     A.   R.   Bechtel,  Wabash  College. 

19.  Anthracnose  of  Betula  nigra.     J.  M.  VanHook  and  R.  C.  Busteed, 
Indiana  University. 

20.  Michigan  phytoplankton .     J.  H.  Hoskins,  University  of  Cincinnati, 
and  Theodore  Just,  University  of  Notre  Dame. 

21.  Notes  on  Indiana  grasses — 1934.     J.  E.  Potzger,  Butler  University. 
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22.  Distribution,  morphology  and  relation  of  compound  and  simple  ecto- 
trophic  mycorrhizae  to  true  endotrophic  pseudomycorrhizae,  and 
secondary  mantle  formation  by  parasitic  Rhizopogons.  K.  D.  Doak, 
University  of  Pennsylvania. 

23.  Stratigraphy  and  preliminary  fossil  pollen  analysis  of  a  Lake 
County,   Illinois,  bog.     Russell  C.  Artist,   Northwestern  University. 

24.  The  Dutch  elm  disease.     R.  W.  Samson,  Purdue  University. 
Papers  2,  3,  22,  and  24  were  illustrated  with  exhibits. 
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INFLUENCE  OF  TEMPERATURE  CHANGES  ON  THE 
WATER  CONTENT  OF  SALIX  AND  OF  HELIANTHUS 


Edith  A.  Purer,  Hoover  High  School,   San  Diego,  Calif.,  and 
Delzie  Demaree,  State  of  Ohio,  Forestry  Department. 

Rooted  willow  twigs  growing  in  culture  solutions  in  the  open  at 
Stanford  University  showed  signs  of  wilting  during  the  early  morning 
hours.  The  solution  temperature  was  usually  15°  C.  to  16°  C.  By  ten 
o'clock  the  temperature  of  the  solution  reached  20°  C.  to  26°  C.  and  the 
apparently  wilted  condition  of  the  plants  disappeared.  A  number  of 
experiments  have  been  performed  to  determine  the  change  in  the  water 
content  due  to  temperature  changes  around  the  roots  of  the  above  plants. 
Helianthus  annuus  L.,  20  cm.  to  60  cm.  high,  grown  in  sandy  loam,  and 
well-rooted  cuttings  of  Salix  laevigata  Bebb  and  S.  exigua  Nutt.,  grown 
in  culture  solution,  were  used.  Temperature  of  the  solution  and  of  the 
air,  and  the  evaporating  power  of  the  air  shown  by  the  Livingston  black- 
and-white  porous  cup  atmometers,  were  recorded  for  each  experiment. 

One  set  of  Helianthus,  20  to  60  cm.  high,  was  allowed  to  wilt  for 
several  hours  before  the  experiment.  Six  to  ten  plants  were  collected 
from  each  set,  about  one-half  of  the  remainder  being  put  in  water 
at  22°  C.  and  one-half  at  12°  C.  After  one  and  a  half  to  four  hours 
the  plants  were  collected  and  dried  at  103°  C.  and  their  water  content 
calculated  on  the  dry  weight  basis.  Plants  in  cold  water  showed  little 
recovery  in  one  to  four  hours.  (See  Table  1  for  results  of  experi- 
ments 1-7.) 

Helianthus  plants,  60  to  70  cm.  in  height,  kept  turgid  for  a  number 
of  days,  were  placed  in  water  at  22°  C.  for  several  hours  before  the 
beginning  of  the  experiment.  About  half  of  the  leaves  had  been  removed 
and  the  plants  were  placed  in  water  at  12°  C.  At  the  expiration  of 
one  and  a  half  to  four  hours  the  remaining  leaves  were  removed  and 
dried  and  their  water  content  calculated.      (See  Table  1,  Exps.  8-10.) 

From  Salix  plants  growing  in  culture  solutions  at  a  temperature 
of  22°  C.  about  half  the  leaves  were  removed  and  the  specimens  imme- 
diately transferred  to  a  solution  at  12°  C.  and  kept  in  bright  sunlight 
as  in  the  previous  experiment.  Drooping  of  the  leaves  was  noticed  in 
less  than  half  an  hour.  The  remaining  leaves  were  collected  and  dried 
as  above.     (See  Table  1,  Exps.  11-15.) 

The  experiments  reported  herein  seemed  to  show  that  low  tempera- 
tures hinder  the  intake  of  water.  If  plants  having  a  water  deficit  are 
placed  in  water  of  a  low  temperature  the  water  content  increases,  but 
at  a  much  lower  rate  than  when  they  are  in  warmer  water.  If  they 
do  not  have  a  water  deficit,  they  lose  water  faster  than  they  take  it  up, 
this  resulting  in  flaccid  leaves  and  a  lower  water  content.  The  same 
apparent  stage  of  wilting  is  a  poor  criterion  for  the  same  water  content 


16 


Proceedings  of  Indiana  Academy  of  Science 


in  Helianthus.  Salix  with  very  abundant  young  leaves  shows  a  greater 
and  quicker  response  to  a  cold  solution.  Large  numbers  of  cultures  were 
used  for  each  experiment  and  those  plants  compared  whose  water  con- 
tents were  closest  at  the  beginning  of  the  experiment. 
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PTERIDOPHYTES  OF  LAWRENCE  COUNTY 


Ralph  M.  Kriebel,  Bedford,  Indiana 

Specimens  of  all  the  species  reported  in  this  paper  were  collected 
by  the  author  and  are  in  his  herbarium.  A  duplicate  of  each  one  was 
deposited  in  the  Butler  University  herbarium.  Duplicates  of  some  are 
also  in  the  Deam  herbarium  and  in  the  Gray  herbarium. 

The  following  is  a  list  of  the  ferns  and  their  allies  found  in 
Lawrence  County: 

1.  Adiantum  pedatum  L.  (Common  Maidenhair).  Generally  dis- 
tributed on  shaded  hillsides  and  moist  hollows  in  woods. 

2.  Thelypteris  Goldiana  (Hook)  Nieuwl.  (Goldie's  Fern).  This 
fern  has  been  collected  in  widely  scattered  places  in  the  county.  It 
apparently  prefers  the  sandstone  areas.  It  seems  to  be  more  plentiful 
in  the  southwest  part  of  the  county.  The  finest  specimens  seen  are  in 
a  deep,  rocky,  wooded  ravine  several  miles  northeast  of  Huron. 

3.  Thelypteris  hexagonoptera  (Michaux)  Weatherby.  (Broad  Beech 
Fern).     Generally  distributed  in  rather  dry,  open  woods. 

4.  Thelypteris  marginalis  (L.)  Nieuwl.  (Marginal  Shield  Fern). 
As  far  as  is  known  this  fern  is  found  mostly  in  the  eastern  part  of  the 
county.  It  is  quite  common  on  some  of  the  rocky,  wooded  hillsides  of 
the  Borden  or  Knobstone  formation.  Several  colonies  of  a  few  plants 
have  been  found  in  the  western  part  of  the  county  on  the  Chester  or 
Huron  formation. 

4a.  Thelypteris  marginalis  (L.)  Nieuwl.  forma  elegans  (J.  Robin- 
son) Weatherby.  This  form,  with  large  fronds  and  the  pinuules  toothed 
or  lobed,  is  the  common  form  associated  with  Tsuga  canadensis  where 
it  grows  on  the  steep  slopes  along  Back  Creek  and  Guthrie  Creek. 

5.  Thelypteris  noveboracensis  (L.)  Nieuwl.  (New  York  Fern). 
Frequent  and  generally  distributed  throughout  the  county.  It  ordinarily 
prefers  a  dryish  soil.  An  especially  fine  colony  was  noted  on  a  steep 
bank  of  Back  Creek,  where  it  was  associated  with  Acer  saccharum,  Fagus 
grandifolia,  and  Tsuga  canadensis.  Another  colony  covering  an  area  of 
about  one-half  acre  was  noted  in  a  low  woods  about  two  miles  south- 
west of  Zelma.  Here  it  was  associated  with  Quercus  palustris,  Acer 
rubrum,  Nyssa  sylatica  and  Liquidambar  Styraciflua. 

6.  Asplenium  platyneuron  (L.)  Oakes.  (Ebony  Spleenwort).  Not 
uncommon  in  the  county.  It  flourishes  here  on  rich,  moist  banks  and  in 
rocky,  open  woods  of  both  the  limestone  and  sandstone  sections. 

7.  Asplenium  platyneuron  var.  serratum  (E.  S.  Miller)  BSP.  The 
incised  form  of  the  pinnae  has  been  collected  west  of  Bedford  in  rocky 
woods  bordering  Salt  Creek,  in  rocky  woods  near  Avoca,  and  on  a  wooded 
slope  about  one-half  mile  north  of  Huron. 
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8.  Asplenium,  ebenoides  R.  R.  Scott.  (Scott's  Spleenwort).  This 
rare  hybrid  has  been  found  growing  at  three  different  places,  all  within 
five  miles  of  Bedford.  On  November  28,  1932,  it  was  found  growing 
on  a  limestone  boulder  about  two  miles  west  of  Bedford  on  the  property 
of  Mrs.  Lulu  Quackenbush.  The  colony  consisted  of  four  plants.  On 
January  5,  1933,  another  colony  was  found  in  a  rocky  woods  near  Avoca, 
about  five  miles  northwest  of  Bedford.  This  colony  consisted  of  seven 
mature  plants  and  at  least  three  young  plants  which  were  definitely 
identified  as  those  of  the  hybrid.  The  third  place  where  it  is  known 
to  grow  is  on  a  limestone  bluff  in  a  deep  ravine  about  one  and  one-half 
miles  north  of  Bedford.  This  was  found  on  February  1,  1933.  Only 
a  single  plant  was  found  at  this  station. 

9.  Asplenium  pinnatifidum  Nutt.  (Pinnatifid  Spleenwort).  This 
comparatively  rare  spleenwort  was  first  discovered  on  March  28,  1934, 
on  the  sandstone  cliffs  above  the  entrance  to  the  kaolin  mines  on  the 
Dr.  Joseph  Gardner  estate,  3.4  miles  southwest  of  Bryantsville.  Careful 
search  revealed  only  about  three  dozen  plants,  which  were  widely  scat- 
tered over  the  cliffs.  The  rocks  upon  which  they  grew  are  of  the  Mans- 
field formation.  On  February  19,  1935,  it  was  found  growing  in  large 
numbers  on  sandstone  cliffs  about  three  miles  north  of  Huron.  Hundreds 
of  plants  were  observed  in  the  clefts  of  the  shady  ledges.  Other  ferns 
growing  on  the  same  rocks  were:  Asplenium  Trichomanes,  Polpyodium 
vulgare,  and  Woodsia  obtusa. 

10.  Asplenium  Trichomanes  L.  (Maidenhair  Spleenwort).  Dis- 
covered June  4,  1933,  on  the  sandstone  outcrop  of  the  Huron  formation 
above  Brown's  Spring,  on  the  property  of  J.  E.  Wilson,  about  one  and 
one-half  miles  southeast  of  Huron.  It  has  since  been  collected  on  rocks 
of  the  same  formation  at  other  widely  separated  places. 

11.  Athyrium  acrostichoides  (Sw.)  Diels.  (Silvery  Spleenwort). 
Not  common,  but  generally  distributed  in  the  county.  Found  mostly 
in  rich  woods  and  on  moist  shady  banks. 

12.  Athyrium  angiisti  folium  (Michaux)  Milde.  (Narrow-leaved 
Spleenwort).  Infrequent,  but  generally  distributed  in  rich,  moist,  shaded 
ravines.     Often  intimately  associated  with  the  preceding. 

13.  Athyrium  asplenioides  (Michaux)  Desv.  (Lowland  Lady  Fern) . 
Infrequent  in  moist  woods  and  by  roadsides.  The  ones  that  grow  by 
roadsides  in  full  sunlight  put  on  an  aspect  quite  in  contrast  to  those 
which  grow  in  the  shade.  In  fact  the  latter  vary  greatly  in  outline. 
The  sun  forms  are  characteristic  in  that  the  pinnae  are  obliquely  ascend- 
ing to  almost  erect.  In  most  of  the  characters  all  the  specimens  at 
hand  are  representatives  of  this  species.  We  have  carefully  searched 
for  A.  angustum,  a  closely  allied  species,  but  so  far  have  been  unsuccess- 
ful.    The  county  is  possibly  a  little  south  of  its  range  in  the  state. 

14.  Botrychium  dissectum  Spreng.  (Cut-leaved  Grape  Fern).  A 
colony  of  less  than  a  dozen  plants  was  found  on  October  11,  1934,  about 
two  miles  southwest  of  Bryantsville  in  rich,  moist  soil  at  the  foot  of  a 
wooded  ravine  where  it  was  associated  with  members  of  a  large  colony 
of   Botrychium    obliquum.      The    forest   in    the   immediate   vicinity   was 
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made  up  of  Ulmus  americana,  Plat  anus  occidentalis,  and  Carpinus  caro- 
liniana.  It  has  previously  been  reported  for  the  county.  Dr.  Ray  C. 
Friesner  found  it  in  1921  on  the  grounds  about  Donaldson  Cave  in  Spring 
Mill  Park.  The  above  two  stations  are  somewhat  similar  in  ecology. 
This  fern  is  apparently  rare  with  us.  We  have  searched  for  it  in  this 
county  for  seven  years.  Having  previously  observed  and  collected  it  in 
Berks  County,  Pennsylvania,  where  it  is  infrequent,  I  regard  it  as  rare 
here  rather  than  overlooked. 

15.  Botrychium  obliquum  Muhl.  (Grape  Fern).  Not  very  common, 
but  generally  distributed  over  the  county.  It  has  been  collected  in 
various  situations.  Of  the  twenty-two  sheets  in  the  writer's  herbarium 
seven  have  been  collected  in  the  hard,  white  clay  of  our  ''flats,"  where 
it  was  associated  with  such  plants  as  Quercus  palustris,  Acer  rubrum, 
Nyssa  sylvatica,  and  Liquidambar  Styradflua.  Five  specimens  are  from 
rather  high  ground,  where  they  were  associated  with  Quercus  alba. 
However,  for  the  most  part  it  seems  to  prefer  the  bases  of  slopes  or  the 
bottoms  of  ravines,  where  it  frequently  grows  with  Acer  saccharum, 
Fagus  grandi folia,  Ulmus  americana,  and  Platanus  occidentalis.  Our 
specimens  show  considerable  variation  in  the  cutting  of  the  fronds.  Mr. 
E.  W.  Graves,  of  Bentonsport,  Iowa,  has  seen  the  specimens  and  names 
them  all  B.  obliquum  Muhl. 

16.  Botrychium  virginianum  (L.)  Sw.  (Rattlesnake  Fern) .  Rather 
common  in  rich  woods.  A  form  much  reduced  in  size  is  frequently 
found.  This  has  been  named  var.  gracilis.  This  is  now  generally  re- 
garded as  only  a  juvenile  state.  Botrychia  show  a  tendency  to  begin 
fruiting  at  an  early  stage  in  the  development  of  the  plant.  Small  forms 
may,  of  course,  also  be  due  to  insufficient  nutrition. 

17.  Camptosorus  rhizophyllus  (L.)  Link  (Walking  Fern).  This 
fern  is  very  common  on  shaded  outcrops  throughout  the  limestone  areas. 
It  is  also  seen  in  our  sandstone  areas,  but  not  very  frequently. 

17a.  Camptosorus  rhizophyllus  var.  auriculatus  Clute.  The  form 
with  much  elongated  basal  lobes  is  frequently  found.  It  is  quite  com- 
mon about  one  and  one-half  miles  northwest  of  Bedford.  It  is  also 
common  in  a  rocky  woods  near  Avoca.  At  the  latter  station,  specimens 
have  been  collected  with  acuminated  auricles  more  than  four  inches  long, 
some  of  which  were  rooting  at  the  main  acumination  and  at  both  of  the 
much  elongated  basal  lobes. 

18.  Cystopteris  bulbifera  (L.)  Bernh.  Bulblet  Bladder  Fern). 
Common  on  shaded  limestone  outcrops  that  afford  enough  moisture.  It 
often  grows  on  wet  shaded  hillsides. 

19.  Cystopteris  fragilis  (L.)  Bern.  (Fragile  Fern).  Common  in 
damp,  shady  places,  especially  at  the  bases  of  rocks.  Probably  our  most 
plentiful  fern  in  point  of  numbers  of  individual  plants. 

20.  Dennstaedtia  punctilobula  (Michaux)  Moore.  (Hay-Scented 
Fern).  This  is  known  to  grow  in  only  two  places.  A  large  colony 
has  been  discovered  on  a  steep  slope  along  Back  Creek,  about  two  miles 
northwest  of  Leesville.  It  is  closely  associated  with  Tsuga  canadensis. 
The  second  place  where  it  is  known  to  grow  is  on  a  steep  slope  of  a 

4—49646 


50  Proceedings  of  Indiana  Academy  of  Science 

"knob"  about  one-half  mile  southwest  of  Heltonville.     Here  it  is  asso- 
ciated with  Fag  us  grandifolia  and  Acer  saccharum. 

21.  Onoclea  sensibilis  L.  (Sensitive  Fern).  Infrequent,  but  gen- 
erally distributed  throughout  the  county.  It  has  been  collected  in  springy 
places,  along  water  courses,  and  in  low  woods. 

22.  Pteretis  nodulosa  (Michaux)  Nieuwl.  (Ostrich  Fern).  Only 
two  colonies  of  this  fern  have  been  found.  They  are  both  on  the  flood 
plain  of  Salt  Creek,  about  four  miles  southwest  of  Bedford.  One 
colony,  found  on  September  7,  1933,  is  on  the  wooded  bank  of  the  creek 
on  the  property  of  Frank  Jackson.  The  other  colony  is  in  a  similar 
habitat  about  one  mile  farther  downstream  on  property  belonging  to 
James  Meadows. 

23.  Ophioglossum  vulgatum  L.  (Adder's  Tongue).  This  has  been 
discovered  at  four  different  places.  It  was  first  discovered  on  June  26, 
1931,  growing  in  a  wet  place,  in  a  sugar  maple  and  beech  woods  in 
Marshall  Township.  On  June  9,  1933,  it  was  found  on  a  white  oak 
and  sugar  maple  slope  about  one  mile  north  of  Needmore.  On  June 
3,  1933,  it  was  found  at  the  grassy  edge  of  a  sinkhole  pond  about  two 
miles  southwest  of  Bedford.  On  May  26,  1934,  it  was  found  in  a  "flat- 
woods"  one  mile  south  of  Zelma.  Here  it  was  associated  with  Quercus 
pahistris,  Acer  rubrum,  Nyssa  sylvatica,  and  Liquidambar  Styraciflua. 
It  was  thinly  scattered  throughout  these  woods,  which  covered  an  area 
of  approximately  five  acres. 

24.  Osmunda  Claytoniana  L.  (Interrupted  Fern).  This  fern  is  ap- 
parently confined  to  the  western  part  of  the  county.  It  has  been  collected 
in  a  swamp  about  two  miles  northwest  of  Avoca.  All  the  other  observa- 
tions were  made  in  the  southwestern  area.  The  finest  colonies  of  this 
species  were  noted  in  a  wooded  ravine  about  one  mile  south  of  Huron. 

25.  Osmunda  regalis  var.  spectabilis  (Wilde.)  Gray.  (Royal  Fern). 
This  has  been  seen  growing  in  only  two  places.  Several  dozen  clumps 
are  growing  at  the  edge  of  a  "flatwoods"  and  along  the  roadside  about 
two  miles  southwest  of  Zelma,  in  the  eastern  part  of  the  county.  The 
other  place  where  it  is  known  to  grow  is  in  a  swampy  woods  about  two 
miles  northwest  of  Avoca.  Only  a  single  clump  has  been  noted  at  the 
latter  place.  Cattle  have  quite  evidently  destroyed  what  probably  was 
once  a  large  colony. 

26.  Pellaea  atropurpurea  (L.)  Link  (Purple  Cliff  Brake).  Com- 
mon on  some  dry  limestone  ledges  and  cliffs.  It  has  been  noted  at 
the  following  places:  on  a  calcareous  outcrop  in  a  ravine  one-half  mile 
west  of  the  Dive  school,  north  of  Bedford ;  on  a  bluff  in  Dickinson  Park, 
north  of  Bedford;  on  outcrops  on  Duncan  Bend  of  White  River;  on  a 
bluff  one-half  mile  upstream  from  Stumphole  Bridge  on  White  River; 
above  Donaldson  Cave  in  Spring  Mill  Park;  at  Bryant  Bluff  on  White 
River;  and  on  outcrops  along  White  River  one  mile  southeast  of  Wil- 
liams. 

27.  Polypodium  vidgare  L.  (Common  Polypody).  First  observed 
on  limestone  rocks  one  and  one-half  miles  west  of  Bedford.  Several 
colonies  have  been  seen  on  a  steep  slope  along  Guthrie  Creek,  where  it 
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was  associated  with  Tan  go,  canadensis.  It  has  also  been  seen  in  rocky 
woods  one-half  mile  north  of  Huron.  Large  and  profuse  colonies  have 
been  discovered  on  sandstone  rocks  along  Indian  Creek  in  Section  19 
of  Perry  Township.     It  is  not  common  in  the  county. 

28.  Polypodium  polypodioides  (L.)  Watt.  (Gray  Polypody).  Only 
one  colony  of  this  fern  has  been  found.  It  was  discovered  on  March  1, 
1933,  on  a  limestone  boulder  above  the  outlet  of  a  subterranean  stream 
on  the  steep  bank  of  White  Kiver  near  the  pump  house  of  the  Bedford 
Water  Works.  The  colony  covered  an  area  of  about  twenty  square 
feet. 

29.  Polystichum  acrostichoides  (Michx.)  Schott.  (Christmas  Fern) . 
Common.  Generally  distributed  on  rocky,  wooded  slopes  of  ravines 
and  wooded  slopes  along  streams. 

29a.  Forma  incisum  (Polystichum  acrostichoides  var.  Schweinitzii) 
(Beck)  Small.  This  form,  in  which  the  pinnae  are  much  incised,  has 
been  collected  on  steep,  shaded  slopes  along  Guthrie  Creek  and  on  a 
wooded  slope  one-half  mile  north  of  Huron.  It  has  been  noted  at  a 
number  of  other  places  in  the  county.  It  is  quite  variable.  The  fronds 
are  generally  large  with  deeply  toothed  and  often  pinnatifid  pinnae. 

29b.  Forma  crispum,  which  has  the  edges  of  its  pinnae  crisped  and 
ruffled,  has  been  collected  on  a  number  of  occasions.  Another  form 
in  which  the  pinnae  are  forked  has  been  collected. 

30.  Pteridium  latiusculum  (Desv.)  Maxon.  (Bracken  or  Brake). 
Only  four  colonies  of  this  fern  have  been  seen  in  this  county.  One  was 
located  about  two  miles  northeast  of  Springville  on  the  right-of-way 
of  the  Bedford-Bloomfield  branch  of  the  Monon  Railroad.  The  colony 
extended  along  the  side  of  the  railroad  and  along  the  fence  for  about 
eighty  feet.  A  second  colony  was  discovered  in  an  abandoned  field  about 
one  mile  southwest  of  Zelma.  Both  of  the  above  colonies  were  growing 
in  the  white  clay  soil  which  is  characteristic  of  our  "flats."  The  other 
two  colonies  were  found  in  the  black-white  oak  type  of  woods.  One 
was  discovered  about  two  miles  southwest  of  Bryantsville  and  the  other 
on  the  wooded  slope  of  a  "knob"  one  mile  north  of  Bartlettsville.  This 
fern  certainly  is  not  plentiful  in  this  county.  The  writer  has  diligently 
searched  for  it  since  1926. 

31.  Woodsia  obtusa  (Spreng.)  Ton*.  (Blunt-lobed  Woodsia).  On 
rocky  banks  and  cliffs  throughout  the  county.  It  prefers  the  drier 
and  sunnier  side  of  rocky  ravines.  In  the  limestone  sections  it  is  com- 
monly  found  in   rocky  woods  where   Quercus  Muhlenbergii  thrives. 

32.  Equisetum  arvense  L.  (Horsetail).  This  plant  has  been  col- 
lected at  a  number  of  places  in  moist,  sandy  soil.  It  is  common  about 
the  stone  mills  where  limestone  is  fabricated  for  building  purposes.  It 
thrives  in  the  waste  that  results  in  the  process  of  sawing  the  stone. 
The  waste,  a  slush,  which  is  a  mixture  of  water,  sand,  and  limestone 
dust,  offers  an  excellent  medium  in  which  the  plant  grows.  Plants  col- 
lected are  quite  variable.  No  great  profit  is  seen  in  endeavoring  to 
distinguish  forms  or  varieties  in  this  species.  Most,  if  not  all,  of  its 
variants  are  pretty  plainly  direct  responses  to  environmental  conditions. 
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33.  Equisetum  prealtum  Raf.  (E.  hyemale  var.  affine  A.  A.  Eaton) 
(Scouring  Rush).     This  has  been  collected  on  gravelly  bars  in  streams, 

in  ditches,  along  roadsides,  and  at  various  places  along  our  railroads. 
C.  A.  Weatherby  of  the  Gray  Herbarium  has  seen  all  the  specimens  that 
were  collected  and  writes:  "These  seem  to  me  all  the  same  thing,  differ- 
ing only  in  size,  and  in  two  cases,  in  the  sporadic  branching  which 
occasionally  occurs  in  this  species." 

34.  Lycopodium  complanatum  var.  flab elli forme  Fernald  (Ground 
Pine).  As  far  as  is  known  there  is  but  one  station  in  the  county  for 
this  plant.  It  was  first  found  in  1929  by  Mr.  Thomas  Owens  in  Spice 
Valley  Township  growing  under  Carya  ovata  and  Liriodendron  tulipi- 
fera  in  an  abandoned  field  that  is  reforesting  itself.  Fruiting  speci- 
mens were  collected  in  October  1933.  The  colony,  covering  an  area  of 
several  hundred  square  feet,  is  growing  in  sandy  soil  derived  from  the 
Mansfield  formation. 

The  following  species,  first  found  while  this  paper  was  in  press, 
should  be  added  to  the  above  list: 

35.  Cheilanthes  lanosa  (Mx.)  Watt.  (Hairy  Lip  Fern.)  Two 
colonies  of  this  species  were  discovered  on  April  28,  1935,  growing  in 
clefts  of  sandstone  cliffs  about  two  miles  north  of  Huron,  in  Section 
29  of  Spice  Valley  Township.  The  plants  were  growing  in  dense  little 
clumps  on  semi-shaded  rocks,  upon  which  were  also  growing  Woodsia 
obtusa  and  Asplenium  pinnatifidum.  This  interesting  fern,  which  is 
mostly  southern  in  its  distribution,  is  here  about  as  far  north  as  it 
ranges.  We  first  found  it  in  Indiana  in  1926  on  the  sandstone  bluffs 
along  White  River  in  Martin  County.  This  Lawrence  County  station 
is  its  northern  limit  in  Indiana  as  far  as  is  known. 
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Chas.   C.  Deam,   Bluffton,  Indiana 

Specimens  of  all  of  the  species  reported  in  this  paper  are  in  the 
Deam  Herbarium.  Specimens  have  been  identified,  or  the  identification 
has  been   checked,  by   specialists   on   the   groups   to   which   they  belong. 

Gymnopogon  ambiguus  (Michx.)  BSP.  Daviess  County,  no.  55,656, 
Sept.  19,  1934.  A  small  colony  on  an  open  sand  hill  in  a  small  woods 
in  the  south  half  of  sec.  33  of  Steele  Township  about  five  miles  north- 
west of  Washington. 

Juricus  scirpoides  Lam.  No.  21,517,  from  Newton  County  and  no. 
21,710,  from  Whitley  County,  I  refer  to  Juncus  Torreyi  Coville. 

Spiranthes  Beckii  Lindl.  Harrison,  County,  no.  33,462,  Oct.  6,  1920. 
In  hard,  white  clay  soil  in  an  open  black  oak  woods  about  two  miles 
southeast  of  Corydon.  Owen  County,  no.  23,947,  Sept.  22,  1917.  In 
an  open,  sterile  white  oak  woods  about  six  and  a  half  miles  southwest 
of  Spencer. 

Carya  pallida  Ashe.  Knox  County,  no.  54,690,  Oct.  8,  1934.  A 
single  tree  found  on  the  sand  ridge  on  the  west  side  of  the  C.  &  E.  I. 
Railroad  about  a  quarter  of  a  mile  north  of  the  Duncan  Siding  or  about 
four  miles  south  of  Vincennes.  This  sand  ridge  varies  from  10  to  25 
feet  in  height  and  extends  from  Vincennes  to  the  White  River  and  forms 
the  escarpment  east  of  the  Knox  County  bottoms. 

X  Quercus  rundnata  Engelm.  (Quercus  borealis  var.  maxima  Ashe 
x  Quercus  imbricaria  Michx.)  Lawrence  County,  nos.  2,767  and  2,768, 
Oct.  2,  1934.  Two  trees  about  100  rods  apart  were  found  along  the 
roadside  between  Avoca  and  Eureka  on  the  west  side  of  the  J.  Moses 
Fell  annex  experimental  farm  of  Purdue  University,  about  five  miles 
west  of  Bedford.  These  were  discovered  by  Ralph  M.  Kriebel,  a  local 
botanist,  whose  discerning  eyes  have  detected,  also,  several  specimens  of 
the  hybrid  X  Quercus  Leana  Nutt.  in  the  same  county.  This  rare 
hybrid  has  been  found  only  a  few  times. 

X  Quercus  Schuettei  Trel.  (Quercus  alba  L.  x  Quercus  bicolor 
Willd.)  There  are  two  trees  about  3  inches  in  diameter  in  the  Deam 
Arboretum  near  Bluffton,  Indiana.  These  trees  originated  from  seed 
planted  a  few  years  ago,  probably  from  Wells  County. 

Hosackia  americana  (Nutt.)  Piper.  Clay  County,  August  22,  1934. 
This  specimen  was  found  in  a  fallow  field  near  the  Pennsylvania  Rail- 
road about  a  mile  east  of  Brazil  by  Prof.  Fred  Donaghy  who  has  kindly 
permitted  me  to  report  it  for  him. 

Clitoria  mariana  L.  Crawford  County,  no.  41,581,  July  15,  1925, 
on  a  black  and  white  oak  ridge  about  a  half  mile  east  of  West  Fork 
and  a  quarter  mile  north  of  State  Road  62.     Dubois  County,  no.  51,544, 
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Oct.  10,  1931,  on  a  wooded  sandstone  slope  about  three-fourths  of  a 
mile  northwest  of  Cuzco.  Perry  County,  no.  33,193,  Oct.  1,  1920,  on 
a  black  and  post  oak  ridge  about  eight  miles  east  of  Cannelton.  Spencer 
County,  no.  41,621,  July  17,  1925,  on  the  crest  of  a  black,  white,  and 
post  oak  ridge  about  two  and  a  half  miles  south  of  Lincoln  City. 

Euphorbia  glyptosperma  Engelm.  Steuben  County,  no.  55,400,  Aug. 
25,  1934.  Several  plants  on  the  open,  gravelly,  high  bank  of  the  north 
side  of  Bass  Lake  about  five  miles  west  of  Angola. 

Asclepias  Meadii  Torr.  Lake  County,  July  3,  1888.  This  specimen 
was  collected  in  the  vicinity  of  Crown  Point  by  Chancellor  M.  A.  Bran- 
non  and  contributed  to  the  Deam  Herbarium  by  S.  C.  Wadmond  of 
Delavan,  Wisconsin. 

Aster  interior  Wiegand.  (Rhodora  35:35-36.  1933.)  (Aster  Trades- 
canti  L.  in  part  of  Gray's  Man.,  ed.  7.)  I  have  this  species  from  the 
following  counties:  Allen,  Dearborn,  De  Kalb,  Dubois,  Lagrange,  Parke, 
Starke,  Steuben,  Tippecanoe,  Vigo,  Warrick,  and  Whitley. 

Aster  missouriensis  Britton.  I  have  this  species  from  the  follow- 
ing counties:  Gibson,  Knox,  Lagrange,  Porter,  Randolph,  Steuben,  and 
Warrick. 

Anthemis  nobilis  L.  La  Porte  County,  no.  54-941,  May  26,  1934. 
Common  in  very  sandy  soil  about  the  farm  buildings  and  in  an  adjacent 
nursery  about  a  mile  north  of  Mill  Creek. 


Indiana  Fungi,  XIII  55 
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J.   M.   Van   Hook,   Indiana  University 

The  fungi  discussed  herein  were  collected,  for  the  most  part,  since 
the  publication  of  the  twelfth  paper  of  this  series  in  1929,  Likewise, 
the  occurrence  of  fungi  for  the  first  time  are  recorded  in  certain  counties 
as  well  as  in  the  state.  Following  our  usual  plan,  we  have  added  many 
notes  to  existing  descriptions  which,  it  is  hoped,  will  assist  the  student 
in  identifying  the  specimen  at  hand.  Some  species  have  been  entirely 
redescribed  as  found  in  our  material.  The  writer  has  hesitated  in 
naming  new  species  or  new  varieties,  believing  that  in  most  cases  they 
are  merely  variations,  as  all  individuals  must  vary  in  their  structure. 
Different  hosts  will  likewise  respond  differently  to  each  pathogene.  On 
account  of  their  unusual  occurrence,  a  few  species  out  of  the  state 
are  included.  The  Gasteromycetes,  Simblum  and  Anthurus,  are  rare  but 
should  be  found  commonly,  though  not  abundantly  in  Indiana.  We 
find  no  report  of  either  to  date. 

In  this  report,  if  the  county  is  omitted,  it  is  understood  to  be 
Monroe. 

BACTERIA 

Bacterium  Mori  (B.  &  L.)  Stephens.  On  leaves  and  branches  of 
Moras.  On  leaves,  the  spots  are  brown  with  yellow  margins,  with  bac- 
teria oozing.     5334. 

MYXOMYCETES 

Lycogala  epidendron  Buxb.  On  wood  among  moss,  Apr.  12,  1930. 
5310. 

PHYCOMYCETES 

Chytridium  olla  A.  Braun.  On  Oedogonium,  Salt  Creek  Swamp, 
May  18,  1930.    Hughes. 

Albugo  Ipomoea-pandurae  (Farl.)  Swingle.  On  leaves  of  Ipomoea 
purpurea  (L.)  Roth.     Owen  County,  Oct.  2,  1930.     Amidei.     5368. 

Plasmopa/ra  viticola   (B.  &  C.)    Berl.  &  DeToni.    On  Vitis. 

ASCOMYCETES 

Daldinia  concentrica  (Bolt.)  Ces.  &  DeNot.  On  Ulmus,  Salt  Creek, 
March  30,  1930.     Hughes.    5311. 

Diatrype  Hochlage  E.  &  E.  On  Pyrus  communis,  E.  Third  Street, 
Bloomington,  Feb.  12,  1931.  Martens.  5393.  The  asci  are  here  50 
to  QIV2  by  6V2  to  IV2  microns.  The  spore-bearing  part  is  32%  to  51  % 
by  7  to  IV2  microns.  The  spores  are  allantoid,  hyaline,  IV2  to  12%  by 
2%  to  5  microns. 
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Diatrypella  Frostii  Pk.  On  dead  fallen  twigs  of  Acer  saccharum 
Marsh.  I.  U.  campus,  Feb.  19,  1931.  Amidei.  5394.  Agrees,  except 
that  our  material  has  4  to  6  perithecia  in  a  stroma. 

Erisiplte  cichoracearum  DC.  On  leaves  of  Ambrosia  trifida  I.,  Sept. 
20,  1930.  Amidei.  On  Helianthus,  Oct.  1,  1930.  5604.  On  leaves  of 
Ziyinia  elegans,  Nov.  10,  1932.  Busteed.  5235.  Very  fine  material. 
This  species  is  very  common  on  cultivated  Zinnias  in  this  county,  doing 
little  damage. 

Erisiphe  Polygoni  DC.  On  Aquilegia  canadensis  L.,  I.  U.  campus, 
Oct.  8,  1930.  Amidei.  5351.  On  Delphinium  azureum  Michx.,  I.  U. 
campus.     2352. 

Eutypella  stellulata  Fr.  On  dead  twig  of  Gymnocladus  dioica  (L.) 
Koch.  Cedar  Cliff,  March  19,  1930.  5292.  On  Fraxinus  americana  L., 
University  waterworks,  1927.     Amidei.     5286. 

Humarina  tetraspora  (Fckl.)  Seaver.  On  seedling  boxes,  in  green- 
house.    Hughes.     5291. 

Hypoxylon  perforatum  (Schw.)  Fr.  On  Ulmus,  Owen  County,  Oct., 
1930.     Hughes.     5371. 

Hysteriographium  Mori  (Schw.)  E.  &  E.  On  stems  of  Smilax, 
Monroe-Morgan  Forest  Preserve,  Nov.  8,  1932.     Busteed.     5609. 

Leptothyrium  eumorpha  (B.  &  C.)  Earle.  On  Arundinaria  macro- 
sperma   Michx.      From    South    Carolina.      Weatherwax.      5389. 

Massaria  conspurcata  Wallr.  On  dead  twigs  of  cultivated  Prunus 
species.  Same  data  as  no.  4163  except  that  it  was  collected  later  in  the 
season. 

Melogramma  Bidliardi  Tul.  (M.  vagans  DeNot).  Agrees  except: 
perithecia  not  brick  red  or  blood  red  on  the  inside,  and  instead  of  having 
10  to  40  in  each  stroma,  there  seem  to  be  not  over  three.  Winter  says 
there  are  few  to  many.  The  asci  are  100  to  115  by  10  to  12  microns. 
Winter  gives  40  to  50,  and  E.  &  E.  say  38  to  50  by  5. 

Massaria  epileuca  B.  &  C.     On  twigs  of  Morns  alba  pendida.     4897. 

Mitrula  phalloides  (Bull.)  Chev.  On  decayed  oak  leaves  in  sphag- 
num bog,  Salt  Creek  valley,  May  18,  1930.     Hughes.     5320. 

Morchella  semilebra  (M.  hybrida)  Turkey  Run.  Apr.  20,  1931. 
5301. 

Nummularia  Bidliardi  Tul.  On  Acer,  Griffy  Creek,  May  9,  1930. 
Hughes.     5305. 

Nummularia  tinctor  (Berk.)  E.  &  E.  On  Acer  saccharum,  Owen 
County,  Dec.  11,  1930.     Martens.     5364. 

Peziza  badia  Pers.  May  10,  1934.  Martens.  5659.  These  speci- 
mens were  from  2  to  10  cm.  in  diameter. 

Phyllactinia  corylea  (Pers.)  Karst.  On  Celastrus  scandens  L.,  Nov. 
8,  1932.  Outgrowths  from  external  cells  are  here  well  shown.  The 
fascicles  appear  as  a  mucilaginous  sheath  after  being  soaked  in  water 
for  some  time. 

Rhytisma  acerinum  (Pers.)  Fr.  On  leaves  of  Acer  rubrwm  L., 
Sphagnum  bog,   Salt  Creek,  Nov.   11,  1930.     Martens.     5383. 

Rosellinia  aquila  Schw.     On  dead  Ulmus,  1930.     5361. 

Rosellina  thelena  (Fr.)  Rab.  On  dead  Hemlock  bark,  Turkey  Run, 
Apr.  27,  1930.     Hughes.     5296.     Color,  purplish-black.     One  perithecium, 
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\xk  mm.  in  diameter.  Spores  bVz  to  8  by  20  to  28  and  occasionally 
broader.     Appendages  up  to  8  or  9  microns. 

Stamnaria  americana  Mass.  &  Morg.  (Stictis  stellata  Wallr.)  On 
Equisetum  prealtum,  Delaware  County,  1932.     Floyd  Shuttleworth.  5617. 

Stictis  stellata  Wallr.  Associated  with  Stamnaria  americana,  5279. 
On  Equiseteum  prealtum,  Delaware  County,  January  1,  1930.  E.  K. 
Cash.     5280. 

Trematosphaeria  nuclearia  (DeNot.)  Sacc.  A  beautiful  little  fungus 
growing  similarly  to  Caryospora  putaminum  and  called  by  DeNot,  Caryo- 
spora  nucealria.  On  hickory  nut  shell  imbedded  in  Fomes  applanatus, 
Lawrence  County,  Nov.  11,  1933.  McCoy.  5623.  Its  densely  gregarious 
perithecia,  and  spores  showing  a  dark  band  between  the  inner  cell  and 
the  colorless  end  cells  will  easily  identify  it. 

Uncinula  flexuosa  Pk.  On  leaves  of  Aesculus  carnea  Hayne.  I.  U. 
campus,  Oct.  21,  1930.  5355.  So  far  as  I  can  learn,  no  report  of  this 
mildew  has  been  made  on  A.  camea,  although  it  has  been  found  on 
both  parents  of  this  hybrid. 

Uncinula  macrospora  Pk.  On  leaves  of  Ulmus  americana  L.,  Fee 
Place,  Oct.  10,  1910.     3107.     A  very  fine  and  unusual  mildew. 

Uncinula  necator  Burr.  On  berry  stems  of  Thompson  seedless  grape 
in  market,  Oct.,  1930.     5359. 

Valsaria  exasperans  (Gerard)  Sacc.  On  bark  of  Fagus  grandifolia. 
I.  U.  waterworks,  March  20,  1910.     Amidei  &  Martens.     5411. 

Xylaria  hypoxylon  (Lenn.)  Grev.  On  decayed  Acer,  Jan.  1,  1931. 
Martens.     5384. 

BASIDIOMYCETES 

USTILAGINEAE 

Sphacelotheca  Sorghi  (Pk.)  Clint.  On  Holcus  halepensis,  south 
entrance  to  Biology  Hall,  Indiana  University,  Oct.  31,  1931.  Coll.  by 
Weatherwax.     5620. 

UREDINEAE 

Puccinia  Mai'iae-Wilsoni  Clint.  Jasper  County,  Oct.  19,  1933. 
Welch.     5618. 

Tranzschelia  punctata  (Pers.)  Arth.  (Aecidium  punctatum  Pers.) 
Aecia  and  pycnia  on  Hepatica  acutiloba  D.  C,  Crawford  County,  April 
20,  1934.     Very  fine  and  abundant.     Busteed.     5654. 

Uredinopsis  Atkinsonii  Magn.  (Species  of  doubtful  identity  as  the 
markings  on  the  urediniospores  are  obscure.)  See  North  American 
Flora,  Vol.  7,  p.  115.  Coll.  Lagrange  County,  Oct.  1,  1933.  Busteed. 
5638. 

Uromyces  Euphorbiae  C.  &  P.  (Nigredo  proeminens  (D.  C.)  Arth.) 
On  leaves  and  stems  of  Euphorbia  Preslii  Guss.  The  aecial  stage. 
Crawford  County,  Oct.  20,  1934.     Busteed.     5655. 

AGARICACEAE 

Claudopus  nidulans  Fr.  On  Salix  nigra,  Owen  County,  Nov.  1, 
1931.     Busteed.     5499. 
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Clitocybe  multiceps  Pk.  Unusually  fine  specimens.  Some  caps  10 
cm.  broad.     Haas.     5331. 

Clitocybe  peltigerina  Pk.  Arbutus  Hill,  March  22,  1930.  On  Pelti- 
gera.     See  Report  39  of  New  York  State  Museum,  p.  38.     5290. 

Crepidotus  Malachium  B.  C.  On  decaying  wood,  I.  U.  campus,  May 
7,  1930.     Ruth  King-.     5314. 

Lentinus  lepideus  Fr.  This  is  the  form  known  as  L.  spretus  Pk. 
On  bridge  timber,  I.  U.  campus,  May  12,  1930.     Hughes.     5319. 

Lentinus  tigrinus  Fr.  On  Platanus  occidentalism  Owen  County,  Nov. 
1,  1931.  Busteed.  This  is  the  monstrous  form,  named  Lentodium 
squamulosnm  by  Morgan.  He  placed  this  form  in  a  new  genus.  The 
gills  are  overgrown  with  a  white  mycelium  which  appears  to  anastomose 
freely.  The  spores  are  very  copious.  When  dried  specimens  are  placed 
in  water,  the  bottom  of  the  dish  is  soon  covered  with  the  white  spores. 
(Kauff.  Agaricaceae  of  Mich.,  Vol.  1,  p.  52.) 

Lenzites  betulina  (L.)  Fr.  On  TJlmus  americana,  April  24,  1930. 
Hughes.     5313. 

Paxillus  involutus   (Batch.)    Fr.     On  lawn,  Oct.  23,  1933.     5619. 

Pleurotus  applicatus   Fr.     On  twig  of  Juglans  nigra,   1930.     5363. 

Russula  variata  Bam.  &  Pk.  On  ground  under  beech  tree  in  open 
woods,  May  12,  1930.     Hughes.     5318. 

POLYPORACEAE 

Boletinus  porosus  (Berk.)  Pk.  Syn.  Boletinellus  mendioides  Schw. 
(See  Murr.,  N.  A.  Flora,  Vol.  9,  p.  158.)  Growing  out  of  clay  bank, 
I.  U.  campus,  October  1,  1934.     5671. 

Fomes  nigricans  Fr.  On  living  Juglans  nigra,  Turkey  Run,  April 
26,  1930. 

Irpex  mollis  B.  &  C.  On  dead  silver  maple;  sessile,  imbricate, 
tending  to  be  resupinate,  .3  to  3  cm.  thick.  Spores  white,  subspherical, 
5  to  7  microns  in  diameter;  poroid  at  first,  splitting  into  flat  teeth. 
On  dead  oak  bark,  near  Kirksville,  Oct.  20,  1931.     Martens.     5526. 

Irpex  fuscescens  Schw.  (/.  cinnamomeus) .  On  red  oak,  Owen 
County,  Dec,  1930.     Martens.     5375. 

Polyporus  biformis  Klottch.  On  dead,  decaying  deciduous  log,  Salt 
Creek,  Nov.  11,  1933.     Haynes.     5625. 

Polyporus  chionius  Fr.  On  decayed  deciduous  wood,  Salt  Creek 
Swamp.  Nov.  11,  1931.  Martens.  5520.  The  tubes  are  about  4  to  5 
to  a  mm.  In  dried  specimens,  the  surface,  when  touched  with  a  knife, 
immediately  rises  in  a  blister-like  manner.  In  a  twenty-seven  year  old 
specimen  the  test  was  shown. 

Polyporus  cinnabarinus  Schw.  On  plum  wood,  Salt  Creek,  May  19, 
1930.     Hughes.     5322. 

Polyporus  cuticularis  Bull,  ex  Fries.  On  deciduous  wood,  winter  of 
1930.  5372.  Also  a  somewhat  thicker  and  zonate  form  collected  by 
Stanley   Brooks,   Oct.   16,   1930.     5354. 

Polyporus  lucidus  (Ganoderma  Tsugae  of  Murr.)  On  Tsuga  cana- 
densis, Turkey  Run,  Apr.  26,  1930.     Very  common  and  abundant.     5202. 

Polyporus  paragamenus  Fr.  On  Prunus  serotinus,  May  6,  1930. 
Hughes.    5308. 
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Solenia  conjerta  Burt.  North  Amer.  Thel.  11,  17  (1924).  Indiana 
Univ.  waterworks,  March  1,  1931.     Busteed.     5402. 

Trametes  pini  (Thore.)  Fr.  On  Pinus  strobus,  Porter  County, 
August  29,  1933.     Martens.     5627. 

FUNGI  IMPERFECTA 

SPHAEROPSIDALES 

Phomopsis  stewartii  Pk.  Collected  about  1915,  when  my  entire  lot 
of  cosmos  was  killed  by  the  fungus.  Diagnosed  at  the  time,  as  a 
PJdyctaenia.     5409. 

Phyllosticta  Dulcamarae  Sacc.  Mich.  Vol.  1,  p.  160  (1878).  On 
leaves  of  Solanum  carolinense  L.    July  3,  1927.     4890. 

Phyllosticta  fallax  Sacc.  On  leaves  of  Acer  saccharinum,  Ripley 
County.  Busteed.  5555.  The  description  of  the  spots  agrees  fairly  well 
with  those  of  P.  pseudoplatini  Sacc,  but  the  pycnidia  and  spores  are 
quite  different.  Our  pycnidia  are  about  50  to  100  microns;  the  spores 
3  by  5,  chlorine  to  quite  dark  in  mass.  P.  pseudoplatini  has  pycnidia 
60  microns  and  spores  hyaline.  The  dark  spores  should  separate  this 
species.  I  have  no  report  of  this  species  having  been  found  in  America 
previously. 

Phyllosticta  fraxinicola  (F.  Cary)  E.  &  E.  On  Fraxinus  americana, 
Ripley  County,  Aug.  5,  1931.  Busteed.  5574.  Agrees  well  except  that 
spores  measure  quite  regularly  5  by  10  microns. 

Phyllosticta  globifera  E.  &  E.  (P.  comicola  D.  C).  On  Cornus 
florida  L.,  Oct.  6,  1934.  S.  Witmer.  5687.  Reported  from  Del.,  W.  Va., 
and  Kansas;  also  from  Europe.  Known  by  its  spots  which  are  up  to  1 
cm.,  oval  in  shape,  and  appear  to  be  warped  downward,  and  by  its  fine 
hyaline  granular  globose  spores. 

Phyllosticta  liriodendrica  Cke.  On  leaves  of  Liriodendron  tulipifera 
L.,  I.  U.  campus,  Oct.  6,  1934.  Witmer.  5686.  Associated  with  this 
Phyllosticta,  is  an  Ascomycete  whose  immature  asci  are  often  mistaken 
for  spores  of  P.  macrospora  E.  &  E.  In  this  material  the  asci  are 
beginning  to  form.  The  ascomycete  is  said  to  be  Sphaerella  liriodendrica 
Cke.      (See  Grevillia,  Vol.  12,  p.  26.     1883.) 

Phyllosticta  Paviae  Desm.  (Guignardia  Aesculi).  On  Aesculus  hip- 
pocastanum,  Sept.  20,  1929.     5380. 

Septoria  Aquilegiae  Penz.  &  Sacc.  On  leaves  of  Aquilegia  cana- 
densis, I.  U.  campus,  Oct.,  1928.  Lohrman.  4942.  Septoria  Aquilegiae 
E.  &  K.  reported  on  Aquilegia  vulgaris  from  Ohio,  is  near  this  species, 
but  our  material  agrees  with  S.  Aquilegiae  of  Penz.  and  Sacc. 

Septoria  Convolvuli  Desm.  On  Convolvules  sepium  L.,  near  Fleener 
bridge,  June  1,  1930. 

Septoria  polygonorum  Desm.  On  Polygonum  species,  Putman 
County,  July  17,  1922.     Glenn  W.  Blades.     5407. 

Septoria  sambucina  Pk.  On  leaves  of  Sambucus  canadensis  L.,  Oct. 
10,  1929.    Less  prevalent  than  in  1928.     5233  . 

Septoria  violae  var.  rostrata  n.  var.  Spots  one-half  to  3  mm.  in 
diameter,  circular,  pallid  to  brownish  yellow,  with  a  reddish  brown  bor- 
der.    Spores  filiform,  straight  or  curved,  20  to  30  by  1  to  1%  microns, 
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no  guttulae  evident.     The  dark  color  of  the  beaks  is  its  most  noticeable 
characteristic.     5594. 

Septoria  Violae  Westend.  On  common  blue  violet,  Morgan-Monroe 
forest  preserve,  Nov.  8,  1933.  Busteed.  5003.  Agrees  well.  The  pore 
of  the  pycnidium  is  surrounded  by  a  dark-brown  border.  Pycnidia  150 
microns  in  diam.     Pores  12  to  15.     Spores  35  to  40  by  1  to  1V2. 

MELANCONIALES 

Colletotrichum  graminicolum  (Cesati)  Wilson.  On  Holcus  halepen- 
sis,   Oct.  31,   1933,   I.   U.  campus.     Weatherwax.     5021. 

Colletotrichum  lagenarium  (Pers.)  E.  &  H.  On  watermelon,  La- 
grange County,  Oct.  1,  1933.     Busteed.     5035. 

Cylindosporium  Clematidis  E.  &  E.  On  leaves  of  Clematis  virginiana 
L.,  Lagrange  County,  Oct.  1,  1933.     Busteed.     5037.     Jour.  Myc.  3:22. 

Cylindrosporiam  oculatum  E.  &  E.  Near  Bloomington,  Oct.  0,  1934. 
S.  W.  Witmer.  5091.  Spores  75  to  125  microns.  Acervuli  125  to  105 
by  75  to  125,  on  Populus  grandidentata.     5091. 

Gleosporium  betularum  Ell.  &  Mart.  Very  abundant  along  White 
River,  Daviess  County,  Oct.,  1934.     5002. 

Gleosporium  ulmicolum  Miles.  On  Ulmus  americana,  I.  U.  campus, 
June  23,  1934.     Witmer.     5081. 

Marsonina  Violae  (Pass.)  P.  Magnus.  On  leaves,  petioles,  and 
flower  stalks  of  Viola  sororia,  banks  of  White  River,  Owen  County, 
Nov.  7,  1931.     Busteed.     5500. 

Stegonosporium  piriforme  (Hoffm.)  Cke.  On  Acer  saccharam. 
5408. 

HYPHOMYCETES 

Awemonium  alternation  Link.  On  languishing  leaves  of  Primula, 
I.  U.  greenhouse  April,  1932.  Agrees,  except  that  it  does  not  appear 
to  have  the  fertile  and  sterile  branches  alternate.  Associated  with 
Botrytis  cineria  Auct.     5581. 

Alternaria  tenuis  Nees.  On  Hibiscus  syriacus  L.,  I.  U.  campus,  Oct. 
1,  1934.     Busteed.     5978. 

Botrytis  sp.  On  stems  of  Paeonia  and  Aquilegia  causing  "die  back." 
Forms  sclerotia.     Collected  by  A.  C.  Kinsey.     5014. 

Cephalothecium  roseum  Cda.  (Trichothecium  Link.).  On  fern 
prothallia  (Pteris  longifolia) ,  greenhouse,  Nov.  8,  1934.  D.  M.  Mottier. 
5597.  Usually  a  saprophyte,  the  fungus  is  here  a  most  destructive 
"damping  off"  parasite.  It  has  been  reported  as  destroying  a  number 
of  seedlings,  but  this  is  the  first  report  we  find  on  prothallia. 

Cercospora  Acalyphae  Pk.  On  leaves  of  Acalypha  virginica  L.,  Salt 
Creek,  Sept.  19,  1931.  Busteed.  5509.  Spots  V2  to  2  mm.,  paler  beneath. 
Conidiophores  45  to  140  by  4  to  5  microns,  some  hypophyllous,  a  very 
few  septate.  Conidia  00  to  130  by  4  to  5  microns.  The  spores  are 
slightly  broader  than  those  of  Peck's  description. 

Cercospora  altheina  Sacc.     On  rose  of  Sharon,  Sept.  28,  1934.     5070. 

Cercospora  canescens  E.  &  M.  This  is  probably  the  variety  C. 
canescens  var.  Ricini  E.  &  E.  Not  to  be  confused  with  C.  Ricini  Spreg. 
(Fg.  Arg.  novi  v.   crit.,   p.   343.)    which   latter  species  is  quite  distinct 
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from  C.  ricinella  (Sacc.)  Berl.  Our  description  agrees  quite  well  with 
those  published.     Our  spores  are  as  many  as  15-septate.     5494. 

Cercospora  copallina  Cke.  &  Pav.  On  Rhus  copallina  L.,  Oct.  6, 
1934.  Witmer.  5688.  C.  copallina  and  C.  Rhoina  C.  &  E.  are  too 
closely  related.  We  have  however,  placed  ours  under  the  former  be- 
cause of  the  fuscous  conidiophores. 

Cercospora  flagellifera  Atk.  On  Desmodium  rotundif  olium  (Michx.) 
DC,  Salt  Creek  hills,  Sept.  19,  1931.  Busteed,  5568.  Spots  small  V2 
to  4  mm.,  circular  or  angular  or  coalescing  to  form  large  areas,  dark 
brown,  paler  beneath.  Conidiophores  amphigenous  but  mostly  epiphyl- 
lous,  tufted  or  single,  straight  or  wavy  toward  tips,  drak  brown,  paler 
at  tips,  3  to  4  by  64  to  136  microns,  3  to  5  septate,  bearing  several 
spores.  Spores  hyaline,  many  guttulate,  up  to  several  septate,  4  to 
5  by  80  to  250  microns.  On  account  of  the  long  tapering  end  of  the 
spore  this  species  seems  well  named. 

Cercospora  pastinacae  (Sacc.)  Pk.  Distinct  from  C.  Apii.  Not  a 
variety.  It  differs  in  color,  number  of  conidophores  in  a  fascicle,  and  in 
shape  of  conidiophores  and  spores.  On  Pastinaca,  garden,  Bloomington, 
Oct.  24,  1930.     T.  P.  Amidei.     5356. 

Cercospora  Physalides  Ell.  On  Nicandra  Physalodes,  Sept.  13,  1934. 
Witmer.     5696.     Our  material  shows  most  typical  spots. 

Cercospora  Spiraeae  Theum.  On  leaves  of  Physocarpus  opulifolius, 
I.  U.  campus,  Nov.  2,  1934.     Witmer. 

Cercospora  Symplocarpi  Pk.  On  leaves  of  Symplocarpus  foetidus 
(L.)  Nutt.,  Dunes  State  Park,  June  9,  1931.  Amidei.  5576.  Add  to 
Peck's  description:  Conidophores  25  by  IV2  microns,  straight  or  variously 
bent.  Spores  25  to  125  by  5  microns,  those  under  35  being  cylindrical, 
resembling  closely  those  of  Ramularia. 

Cercosporella  Apocyni  (Ell.  &  Kell.)  Trel.  On  Apocynum  an- 
drosaemif  olium  L.,  Steuben  County,  Oct.  7,  1933.  Busteed.  5634.  Origi- 
nally described  as  Cercospora  by  Ellis  and  Kellerman  (Bull.  Torr.  Bot. 
Club.  11:121).  Agrees  with  the  description  except  that  our  material 
has  spores  that  are  distinctly  septate.  The  original  description  says 
"becoming  faintly  3-  to  4-septate." 

Cercosporina  Nelumbii  (Tharp.)  Sacc.  (Cercospora  Nelumbii  Tharp) . 
On  leaves  of  Nelumbo  lutea,  Smith's  Lake,  Greene  County,  Sept.  30, 
1934.  Busteed  and  Witmer.  5679.  Agrees  well  with  Saccardo's  descrip- 
tion except  that  our  material  has  a  few  spores  up  to  200  microns  in 
length.  The  characters  of  the  genus  are  well  represented  in  this 
material.  Saccardo  transferred  this  to  the  genus  Cercosporina  which 
differs  in  its  hyaline  conidia  and  from  Cercosporella  in  its  olive  con- 
idiophores. 

Cicinnobolis  Cesatii  Debary.  Parasitic  on  Microsphaera  Alni  (DC.) 
W'nt.,  which,  in  turn,  was  on  Evonomus  atropurpurea;  fall  of  1929. 
5333. 

Cladosporium  paeoniae,  Putnam  County,  Aug.  4,  1924.  Blades. 
5661. 

Coniothyrium  sp.  On  canes  of  Rosa,  causing  "die  back,"  Lagrange 
County,  Oct.  1,  1933.     Busteed.     5640. 
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Coniosporium  Arundinis  (Cda.)  Sacc.  On  stems  of  Amndinaria. 
5404.  Collected  in  the  south  by  Weatherwax.  Spores  are  broad,  lens- 
shaped,  brown,  borne  on  short  stalks. 

Coniothyrium  concentricum  (Desm.)  Sacc.  On  leaves  of  Yucca  fila- 
mentosa  L.  Very  bad  in  the  shade.  Spores  yellow,  almost  brown,  of 
various  shapes,  ovate,  short  elliptic,  subglobose,  and  quite  often  of  ir- 
regular shapes,  mostly  5  by  7  microns.     5602.    June  2,  1932.     Busteed. 

Cytospora  leucostoma  Aderh.  Associated  with  Valsa  leucostoma, 
of  which  it  is  the  conidial  stage  according  to  Eriksson  (Fungous  Diseases 
of  Plants,  p.  373.)  Said  to  occur  on  cherry  in  Europe.  While  the  one 
on  peach,  plum,  and  apricot,  is  said  to  be  V.  prunastri  Pers.  with  the 
conidial  stage  Cytospora  rubescens  Fuck.  On  peach  twigs,  Feb.  21,  1921. 
Duncan.  5398.  On  Primus  species,  Free  Lane,  March  20,  1931.  Amidei 
and  Martens.  5415.  Oct.  18,  1934.  Witmer.  5683.  Causing  definite 
spots  by  the  extension  of  those  caused  by  another  fungus.  Though  act- 
ing here  like  a  parasite,  it  occurs  as  a  saprophyte  on  many  widely 
diversified  plants. 

Fusarium  lateritium  Nees.  On  Moms  alba  pendula,  about  1925.  A 
Nectria  stage  was  associated  with  this.  The  species  was  undetermined, 
but  a  Tubercularia  (presumably  T.  vulgaris),  has  appeared  quite 
regularly  since. 

Haplosphaerella  Juglandis  Ell.  &  Barth.  On  twigs  of  Juglans  nigra, 
Matlock's  woods,  March  21,  1931.  Amidei  and  Martens.  5431.  Spores 
brown,  10  to  15  by  20  to  27  microns;  pycnidia  14  to  34  mm.,  mostly 
in  stromata,  but  some  are  separate,  probably  causing  confusion  with 
Sphaeropsis  Juglandis  E.  &  Barth.  However,  they  should  be  regarded 
as  synonyms.     Our  spores  appear  to  be  larger  than  those  described. 

Hormiscium  sp.  On  old  fence  rails  of  Liriodendron  tulipifera. 
5670.  Oct.  15,  1915.  Also  on  Juglans  nigra.  5670.  This  latter  speci- 
men was  associated  with  Hysteriographium  Mori,  of  which  it  might  be 
the  conidial  stage. 

Macrosporium  sarcinae forme  Cav.  On  leaves  of  Trifolium  pra- 
tense  and  T.  hybridum,  Ripley  County,  June  30,  1932.  Busteed.  5606. 
These  conidiophores  resemble  those  of  Polythrincium.  Spores  are  20 
to  30  by  15  to  20  microns.     Spots  are  concentrically  zoned. 

SUPPLEMENTARY  MISCELLANEOUS  FUNGI 

Clavaria  formosa  Pers.  Turkey  Run,  Oct.  25,  1934.  Van  Kooten. 
5690. 

Colly bia  amabilipes  Pk.  On  old  deciduous  log,  in  dense  woods,  May 
18,  1930.     5326.     Hughes. 

Collybia  radicata  Rehl.  An  unusual  form  with  short  stipe  and 
pileus  quite  rugose.     Oct.  12,  1934.     Witmer.     5682. 

Cytosporina  Ailanthi  Sacc.  Forestry  grounds,  Wooster,  O.,  summer 
of  1920.     Kills  branches.     Secrest.     5395. 

Didymaria  didyma  (Unger)  Lindau.  On  Ranunculus  hispidus 
Michx.  5595.  On  R.  recurvatus  Poir.  5596.  May  19,  1932,  in  a  deep 
ravine,  Turkey  Run.  Very  abundant.  Corresponds,  except  that  our 
material  shows  spots  zoned,  up  to  1  cm.,  then  leaves  dying  rapidly.     The 
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two  host  species  growing  together  and  equally  attacked.  Conidiophores 
5  by  45  to  90  microns,  simple,  wavy,  with  terminal  spores,  sometimes 
one  or  several  laterally  attached  giving  the  conidiophore  a  denticulate 
appearance.  Spores  ovoid,  subglobose,  ovate  to  cylindrical,  continuous 
to  1-septate,  18  to  12  by  20  to  37  microns,  mostly  about  10  by  23. 

Dimerosporium  Collinsii  (Schw.)  Sacc.  On  Amelanohier  canadensis. 
Monroe  County.  No  other  data.  At  Bass  Lake,  Mich.,  this  disease  is 
quite  common  and  very  severe,  killing  all  the  leaves  on  the  newer 
growths ;  the  tops  of  entire  thickets  of  the  younger  bushes  are  blackened. 
Such  does  not  seem  to  be  the  case  here. 

Diplodia  species  undetermined.  On  leaves  of  Acer  rubrum.  Oct. 
6,  1934.  Witmer.  5692.  Pycnidia  75  to  115  microns.  Spores  two- 
celled,  brown,  8  by  13,  a  few  spores  three-celled,  some  one-celled.    5692. 

Discosia  artocreas  (Tode.)  Fr.  On  spots  on  leaves  of  Cercis  can- 
adensis, Oct.  18,  1934.  Campus.  Witmer.  5683.  Although  the  spots 
are  quite  definite,  they  are  merely  extended  by  the  Discosia,  a  saprophyte 
on  various  dead  leaves. 

Hyalothyridium  decandra.  On  leaves  of  Phytolacca  decandra  L., 
July  20,  1927.  Spots  to  1  cm.,  becoming  light  brown.  Pycnidia  gre- 
garious, epiphyllous,  25  to  30  by  125,  pore  about  10  to  12,  rather  promi- 
nent. Spores  elliptical  with  one  or  two  cross  walls  and  cells  divided 
lengthwise  to  the  spore,  which  is  surrounded  by  slime.  This  species  is 
like  a  Staganospora  in  some  respects.    4862. 

Irpex  tulipifera  (Schw.)  Murr.  On  dead  limb  of  Montmorency 
cherry,  Nov.  8,  1934.     5598. 

Lenzites  vialis  Pk.     Brown  County,  Oct.,  1934.     Witmer. 

Lepiota  cepaestipes  Fr.  On  old  sawdust  pile,  Owen  County,  May 
11,  1930.    Haas.    5317. 

Massaria  conspurcata  Wallr.  On  dead  twigs  of  Prunus  (large  blue 
plum)  July  1,  1925;  same  place  later  in  the  season.  4070  and  4163. 
Perithecia  1  to  1%  mm.;  ruptures  the  epidermis,  ostiolum  short.  Ascus 
obclavate  with  short  stipe,  250  to  280  by  16  to  25  microns.  Spores 
50  to  57  by  16  to  25  microns,  brown,  4-celled.  M.  conspurcata,  M. 
vomitoria,  and  M.  inquinans  are  in  some  respects  similar.  This  material 
is  very  fine. 

Morchella  esculenta  (L.)  Pers.  Collected  at  Turkey  Run  by  Hughes, 
Apr.  26,  1930.     5300. 

Morchella  semilebra  (M.  hybrida)  Turkey  Run,  Apr.  26,  1930. 
Hughes.     5301. 

Marsonina  (Marsonia)  Martini  Sacc.  &  Ell.  On  leaves  of  Quercus 
Michauxii,  I.  U.  campus,  July  16,  1929. 

Oidium  balsamii  Mont.  (Erisiphe  Polygoni) .  On  leaves  and  stems 
of  Delphinium  azureum,  Oct.  8,  1930.  5442.  Attacks  the  leaves  less 
severely  than  the  stem.  Conidiophores  unbranched.  Spores  large,  hyaline, 
27  to  35  by  15  to  22.     Amidei.     5352. 

Oidium  monilioides  Lk.  The  conidial  stage  of  Erisiphe  graminis. 
On  wheat  in  the  university  greenhouse,  Nov.  18,  1930.     Amidei.     5360. 

Oospora  rosea  (Preuss.)  On  piece  of  dead  wood.  Spores  hyaline, 
7%  to  10.    Amidei.     5344. 


64  Proceedings  of  Indiana  Academy  of  Science 

Paxillus  involutus  (Batch)  Fr.  On  lawn,  Bloomington,  Oct.  23, 
1933. 

Phoma  destructiva  Plowr.  (Phyllosticta  Lycopersici  Pk.)  On  fruit 
of  tomato  in  market,  Apr.  15,  1932. 

Phyllosticta  gentianicola  (D.  C.)  E.  &  E.  On  leaves  and  petals  of 
Gentiana    Andrewsii,    Owen    County,    Sept.    30,    1934.      Witmer.      5694. 

Polyporus  pubescens  Schum  ex  Fr.  Turkey  Run,  Apr.  26,  1931. 
Busteed.     5298. 

Robillarda    species.      On    Lysimachia   nummidaria,    Sept.    26,    1934, 

I.  U.  campus.  Witmer.  5672.  This  material  shows  very  distinctly 
the  three  spines  on  the  end  of  the  spores.  Spores  do  not  seem  to  agree 
with  any  described  species. 

Rhytisma  Curtisii.     B.  &  Rax.     On  Ilex  verticillata,  Salt  Creek,  Oct. 

II,  1930.    Busteed.    5391. 

Russula  variata  Baum.  &  Peck.  On  ground  under  beech  tree,  I.  U. 
campus,  May  12,  1930.     Hughes.     5318. 

Anthurus  borealis  Burst.  Collected  in  southern  Ohio  by  J.  S.  Houser 
in  the  summer  of  1921.     5610. 

Simblum  sphaerocephalum  Schlecht.  On  rich  black  soil  in  corn 
field,  near  Anchor,  111.     5664.     Sept.  11,  1934.     Martens. 
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FURTHER  STUDIES  OF  INDIANA  ALGAE 


M.  E.  Britton  and  B.  H.  Smith,  Indiana  State  Teachers  College 


This  report  represents  a  continuation  of  a  study  of  the  algal  flora  of 
the  lower  Wabash  Valley  which  was  started  in  the  summer  of  1932,  a 
preliminary  report  of  which  was  included  in  the  Academy  Proceedings 
for  that  year. 

During  the  months  of  August,  September,  and  October  of  1934,  the 
writers  made  an  attempt  to  extend  the  study  to  additional  counties  of 
the  southwestern  section  of  the  state,  but  collection  of  algal  samples  in 
these  counties  was  found  to  be  somewhat  meager  owing  to  the  lack 
of  permanent  bodies  of  water  in  that  section.  Ponds  and  roadside  pools, 
which  had  in  past  years  proved  rich  in  algal  forms,  were  dry,  following 
the  extremely  hot,  dry  summer  season. 

The  writers  hope  to  continue  this  work  during  the  spiing  months  of 
the  coming  year  and  give  a  more  complete  report  of  the  algae  of  the 
localities  thus  far  studied. 

Samples  were  received  from  Lake  County  and  were  added  to  this 
list,  as  were  other  forms  identified  from  collections  of  1932-33. 

No  attempt  was  made  to  examine  samples  in  the  field  or  living  mate- 
rial in  the  laboratory.  All  samples  were  preserved  as  collected,  in 
Transeau's  solution  of  water,  alcohol,  and  formaldehyde  in  the  ratio 
of  6:3:1. 

The  writers  are  reporting  a  total  of  58  species  and  varieties.  Of 
these,  two  genera,  five  species,  and  three  varieties  have  not  been  pre- 
viously reported  from  Indiana.  Two  species,  Oedogonium  foveolatum 
and  Oedogonium  hirnii  have  not  been  previously  recorded  in  published 
reports  from  the  United  States.  The  writers  also  are  reporting  one  new 
species,  Oedogonium  indianense  Britton  and  Smith,  sp.  nov. 

To  Miss  Faxon  Cook,  of  Lowell,  Indiana,  the  writers  are  indebted 
for  the  collections  made  in  Lake  County. 


ALGAE  SYSTEMATICALLY  ARRANGED 

Class  1 — Myxophyceae 

Order — Chroococcales 

4Chroococcus  turgidus    (Kuetz)    Naegeli.     Lake  Co.,  Sept.  22,  1934. 
^Microcystis  aeruginosa  Kuetzing.    Knox  Co.,  Aug.  7,  1934. 
^Microcystis   flos-aquae    (Wittrock)    Kirchner.      Knox    Co.,    Aug.    7, 
1934. 

"Microcystis  pulvera  (Wood)   Migula.     Knox  Co.,  Aug.  7,  1934. 

5—49646 
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Order — Hormogoneales 

2Anabaena  spiroides  var.  contracta  Klebahn.  Lake  Co.,  Oct.  7, 
1934. 

4Spirulina  major  Kuetzing.  Greene  Co.,  Aug.  7,  1934.  Lake  Co., 
Sept.  24,  1934. 

4Oscillatoria  amphibia  Agardh.     Greene  Co.,  Nov.  25,  1934. 

4Oscillatoria  princeps  Vauch.     Greene  Co.,  Aug.  7,  1934. 

Class  V — Chlorophyceae 
0  rder — Volvocales 

4Pandorina  morum  Bory.  Daviess  Co.,  Aug.  7,  1934.  Lake  Co., 
Sept.  24,  1934. 

Order — Chlorococcales 

4Nephrocytium  agardhianum  Naegeli.     Vigo  Co.,  Aug.  28,  1934. 

4Oocystis  borgei  Snow.     Lake  Co.,  Sept.  24,  1934. 

3Planktosphaeria  gelatinosa  G.  M.  Smith.  Marshall  Co.,  Aug.  30, 
1934. 

4Pediastrum  boryanum  (Turpin)  Meneghini.  Knox  Co.,  Aug.  7, 
1934. 

4Pediastrnm  boryanum  var.  longioorne  Raciborski.  Lake  Co.,  Sept. 
23,  1934. 

2Pediastrnm  boryanum  var.  granulatum  (Kuetzing)  Al.  Braun. 
Marshall  Co.,  Aug.  30,  1934. 

4Pediastrum  integrum  Naegeli.     Marshall  Co.,  Aug.  30,  1934. 

4Pediastrum  simplex  var.  duodenarium  (Bailey)  Rabenhorst.  Knox 
Co.,  Aug.  30,  1934. 

4Pediastrum  tetras  (Ehrenberg)  Ralfs.  Knox  Co.,  Aug.  7,  1934. 
Marshall  Co.,  Aug.  30,  1934. 

4Dictyosphaerium  pulchellum  Wood.     Daviess  Co.,  Aug.  7,  1934. 

4Dimorphococcus  lunatus  A.  Braun.     Vigo  Co.,  Aug.  7,  1934. 

4Coelastrum  microporum  Naegeli.     Knox  Co.,  Aug.  7,  1934. 

1Lagerheimia  subsalsa  Lemmermann.     Greene  Co.,  Aug.  7,  1934. 

4Scenedesmus  abundans  (Kirchner)  Chodat.  Lake  Co.,  Sept.  23, 
1934. 

4Scenedesmus  abundans  var.  longicauda  G.  M.  Smith.  Knox  Co.,  Aug. 
7,  1934. 

4Scenedesmus  acwminatus  (Lagerheim)  Chodat.  Lake  Co.,  Sept.  23, 
1934. 

^Scenedesmus  acutiformis  Schroeder.  Lake  Co.,  Sept.  23,  1934.  Vigo 
Co.,  Aug.  28,  1934. 

'S<-,  m  <l<  sums  arcnatiia  var.  capitatus.     Lake  Co.,  Sept.  24,  L934. 

1Scenedesmus  armatus  (Chodat)  G.  M.  Smith.  Lake  Co.,  Sept.  23, 
1934. 


1  Species — not  previously  reported  from  state. 

2  Variety — not  previously   reported  from   state. 

3  Genus — not  previously  reported  from  state. 

*  Genus   or  species   or  variety — not  previously   reported  from   county. 
6  Species — not  previously  from  United  States. 
6  New  varieties.     New  species. 
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4Scenedesmus  bijiiga  (Turpin)  Lagerheim.  Knox  Co.,  Aug.  7,  1934. 
Pike  Co.,  Aug.  7,  1934.     Lake  Co.,  Sept.  23,  1934. 

1Scenedesmus  brasilievisis  Bohlin.     Sullivan  Co.,  Aug.  7,  1934. 

*Scenedes7)iiis  denticulatus  Lagerheim.     Knox  Co.,  Aug.  7,  1934. 

4Scenedesmus  longus  Meyen.    Vigo  Co.,  Aug.  7,  1934. 

4Scenedesmus  obliquus  (Turpin)  Kuetzing.  Marshall  Co.,  Aug.  30, 
1934.    Pike  Co.,  Aug.  7,  1934.     Lake  Co.,  Sept.  23,  1934. 

4Scenedesmus  opoliensis  P.  Richter.  Knox  Co.,  Aug.  7,  1934. 

4Scenedesmus  quadricauda  (Turpin)  de  Brebisson.  Knox  Co.,  Aug. 
7,  1934.    Lake  Co.,  Sept.  23,  1934. 

4Scenedesmus  quadricauda  var.  parvus  G.  M.  Smith.  Knox  Co.,  Aug. 
7,  1934. 

4Scenedesmus  quadricauda  var.  quadrispina  (Chodat)  G.  M.  Smith. 
Knox  Co.,  Aug.  7,  1934.     Lake  Co.,  Sept.  23,  1934. 

4Scenedesmus  quadricauda  var.  westii  G.  M.  Smith.  Knox  Co.,  Aug. 
7,  1934. 

4Sorastrum  spinulosum  Naegeli.     Knox  Co.,  Aug.  7,  1934. 

4Tetraedron  caudatum   (Corda)   Hansgirg.     Knox  Co.,  Aug.  7,  1934. 

2Tetraedron  caudatum  var.  longispinum  Lemmerman.  Knox  Co., 
Aug.  7,  1934. 

4Tetraedron  minimum  A.  Braun.  Hansgirg.  Lake  Co.,  Sept.  23, 
1934. 

3Trochiscia  reticularis  (Reinsch)   Hansgirg.     Vigo  Co.,  Aug.  7,  1934. 

Order — Ulotrichales 

"Ulothrix  zonata  (Weber  and  Mohr)  Kuetzing.  Vigo  Co.,  Aug.  7, 
1934. 

Order — Oedogoniales 

5Oedogonium  foveolatum  Wittrock.  Vigo  Co.,  Aug.  7,  1934.  The 
only  monoecious  representative  of  the  genus  with  scrobiculate  oospores. 
Previously  reported  from  Brazil  and  St.  Thomas  Island.  Antheridia 
two  microns  shorter  than  measurements  given  by  Tiffany. 

5Oedogonium  hirnii  Gutwinski.  Lake  Co.,  Sept.  20,  1934.  Previously 
reported  from  Austria  and  Ireland. 

GOedogonium  indianense  Britton  and  Smith,  sp.  nov.  Vigo  Co., 
1932.  Dioecious,  macrandrous;  oogonium  obovoid  to  nearly  pyriform, 
pore  superior;  oospore  globose  to  ovoid,  usually  not  filling  the  oogonium, 
outer  spore  wall  scrobiculate;  antheridium  1-3,  sperms  2,  division  hori- 
zontal; vegetative  cell  10-16x72-110  microns;  oogonium  36-46x50-64 
microns;  oospore  35-44  x  40-46  microns;  antheridium  13-16  x  9-13  microns. 

Order — Zygnemales 
4Spirogyra  nitida  (Dillw.)  Link.    Pike  Co.,  Aug.  7,  1934. 

O  rder — D  esmidiales 

4Arthrodesmus  convergens  Ehrenberg.     Sullivan  Co.,  July  7,  1933. 
4Closterium   acerosum    (Shrank)    Ehrenberg.      Greene    Co.,   Aug.   7, 
1934.     Knox  Co.,  Aug.  7,  1934.     Pike  Co.,  Aug.  7,  1934. 
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4Closterium  acerosum  var.  elongatum  Breb.  Lake  Co.,  Sept.  22, 
1934. 

4Closterium  moniliferum  (Bory)  Ehrenberg.  Pike  Co.,  Aug.  7, 
1934. 

4Cosmarmm  portianum  Archer.     Daviess  Co.,  Aug.  7,  1934. 

4Cosmarimn  portianum  var.  nephroideum  Wittrock.  Pike  Co.,  Aug. 
7,  1934. 

4Cosmarium  reniforme   (Ralfs)   Arch.     Marshall  Co.,  Aug.  30,  1934. 

4Peniu?n  margaritaceum  (Ehrenberg)  Breb.  Knox  Co.,  Aug.  7,  1934. 
Pike  Co.,  Aug.  7,  1934. 

4Staurastrum  alternans  de  Brebisson.     Sullivan  Co.,  Aug.  7,  1934. 

4Staiirastrum  dickiei  Ralfs.     Sullivan  Co.,  Sept.  16,  1934. 
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THE   ANATOMY  OF  ANOMALOUS   GRASS 
HYMENACHNE  AMPLEXICAULIS 


James  L.  Haynes,  Indiana  University 

In  the  grasses  two  general  types  of  arrangement  of  vascular  tissue 
are  found.  The  most  familiar  system  of  arrangement  is  that  found  in 
corn  in  which  the  bundles  are  scattered  throughout  the  transverse  sec- 
tion of  the  stem.  In  the  other  arrangement  the  bundles  are  confined  to 
a  zone  surrounding  the  hollow  center  of  the  culm  as  exemplified  in 
wheat.  Those  grasses  having  the  vascular  tissue  confined  to  a  periph- 
eral zone  generally  have  a  hollow  center  except  in  the  portion  of  the 
axis  bearing  the  infloresence. 

In  examining  herbarium  specimens  it  has  been  noticed  that  the 
culm  of  Hymenachne  amplexicaulis  deviates  from  the  usual  systems  of 
bundle  arrangement  in  having  the  bundles  confined  to  a  peripheral  zone 
while  the  center  is  apparently  solid. 

Hymenachne  amplexicaulis  Nees1  is  a  tropical  grass  reported  for 
Central  America,  the  West  Indies,  and  the  floating  islands  of  the 
Amazon,  growing  typically  in  habitats  frequently  inundated  with  water. 
An  abundance  of  living  material  grown  from  seeds,  collected  by  Dr.  Paul 
Weatherwax  in  the  lowlands  of  eastern  Guatemala,  has  been  available 
for  an  anatomical  study. 

The  external  morphology  is  that  of  a  typical  grass.  The  internal 
anatomy  of  the  aerial  parts  presents  a  system  of  parenchyma  extending 
throughout  the  stem  and  leaf.  In  transverse  section  the  stem  shows  a 
ring  made  up  of  scelenchyma  and  vascular  tissue  which  surrounds  an 
aerenchymatous  pith  and  is  separated  from  the  epidermis  by  aeren- 
chymatous  chlorenchyma  (Fig.  1).  The  endostelar  aerenchyma  is  made 
up  of  stellate  cells  without  chloroplasts.  These  stellate  cells  adhere 
laterally  at  points  of  contact  of  the  radial  arms  in  such  a  manner  as  to 
form  horizontal  plates  or  diaphragms.  At  maturity  these  transverse 
diaphragms  appear  to  the  unaided  eye  as  an  extremely  delicate  lace 
(Fig.  8).  The  exostelar  aerenchyma  is  made  up  of  non-stellate  cells 
containing  chloroplasts  and  surrounding  longitudinal  air  chambers  (Fig. 
2).  In  the  leaf  parallel  vertical  partitions  of  water-storage  parenchyma 
extend  the  entire  length  of  the  lamina  and  sheath.  The  spaces  between 
these  walls  are  devoted  to  air  chambers  containing  stellate  aerenchyma 
(Fig.  3).  Rows  of  bulliform  cells  are  present  above  the  air  chambers 
in  the  lamina   (Fig.  4). 

The  endostelar  aerenchyma  develops  from  the  upper  portion  of  the 
nodal  regions.  Differentiation  of  the  aerenchyma  is  evident  before  the 
appearance  of  the  protoxylem  elements  at  the  same  level.     Intercellular 

1  Panicum    amplexicaule   Rudge ;   Agrostis   momostachya   Poir ;    Panicum   hymenachne 
Desv. 
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spaces  develop  above  the  third  differentiated  node  from  the  stem  apex 
while  the  protoxylem  appears  two  nodes  below  this  point.  The  endostelar 
aerenchyma  develops  from  "mother  cells"  in  the  nodes.  At  early  stages 
of  nodal  development  these  mother  cells  occupy  the  entire  internal  por- 
tion of  the  nodal  region.  The  first  divisions  of  the  mother  cells  are 
transverse  to  the  stem  axis.  The  daughter  cells  then  undergo  longi- 
tudinal division  (Fig.  5).  Intercellular  spaces  form  wherever  walls 
abut  on  a  neighboring  cell,  so  that  finally  all  walls  abut  on  intercellular 
spaces  (Fig.  6).  With  enlargement  of  intercellular  spaces  to  lacunae, 
stellate  cells  are  formed  (Fig.  7).  As  growth  of  the  stem  above  the 
node  exerts  tension,  the  stellate  cells  pull  away  from  their  older  and 
younger,  i.e.,  upper  and  lower,  neighbors  in  transverse  diaphragms  which 
are  convex  to  the  node  from  which  they  differentiated.  Differentiation 
of  stellate  cells  occurs  from  the  center  of  the  stem  toward  the  periphery. 

In  the  development  of  the  leaf  the  bulliform  cells  and  water-storage 
tissue  are  evident  at  an  early  stage  and  seem  at  no  time  to  contain 
chloroplasts.  In  very  young  leaves  the  tissue  later  to  become  aeren- 
chyma contains  chloroplasts.  Later  the  inner  cells  of  this  chlorenchyma 
enlarge  and  develop  intercellular  spaces.  These  spaces  enlarge  to  form 
lacunae  while  at  the  same  time  the  chloroplasts  of  the  enlarged  inner 
chlorenchyma  cells  undergo  a  process  of  disintegration.  The  leaf  sheath 
is  similar  in  general  anatomy  to  the  lamina  except  for  the  presence  of 
bulliform  cells  in  the  latter. 

It  appears  that  physical  or  chemical  differences  in  the  cell  walls  of 
the  older  and  younger  generations  of  diaphragms  may  figure  in  the 
schizogenous  process  of  diaphragm  separation.  Similarly,  increase  in 
the  size  of  lacunae  in  the  formation  of  stellate  cells  may  be  due  in  part 
to  a  change  in  concentration  of  cell  sap  in  the  maturing  cells  and  re- 
sultant turgor  differences. 

Various  functions  have  been  claimed  for  aerenchyma.  The  tissue 
gives  buoyancy  to  certain  plants  growing  in  water.  In  many  plants  the 
arrangement  of  diaphragms  and  stellate  cells  is  such  as  to  give  maximum 

Explanation  of  Figures 

Fig.  1.  Portion  of  transverse  section  of  mature  stem:  a,  endostelar 
aerenchyma;  b,  zone  of  vascular  tissue;  c,  exostelar  aerenchyma.     X  60. 

Fig.  2.  Portion  of  longitudinal  section  of  culm:  a,  exostelar  aeren- 
chyma; b,  zone  of  vascular  tissue;  c,  endostelar  aerenchyma.    X  30. 

Fig.  3.  Portion  of  longitudinal  leaf  section  taken  between  the  upper 
and  lower  chlorenchyma  layers:  a,  vascular  tissue;  b,  water-storage  tis- 
sue; c,  air  chamber.    X  125. 

Fig.  4.  Portion  of  transverse  section  of  leaf:  a,  bulliform  cell;  b, 
water-storage  cell;  c,  air  chamber;  d,  vascular  tissue.     X  150. 

Fig.  5.     Portion  of  transverse  section  of  upper  nodal  region.    X  150. 

Fig.  6.  Portion  of  transverse  section  of  endostelar  aerenchyma 
taken  just  above  Fig.  5.    X  150. 

Fig.  7.  Transverse  section  of  endostelar  aerenchyma  at  stage  of 
diaphragm  separation.     X  125. 

Fig.  8.     Portion  of  mature  endostelar  diaphragm.    X  125. 
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support.  Diaphragms  are  more  or  less  water-tight  and  may  prevent 
flooding  of  the  plant  in  case  of  accidental  injury.2  Certain  types  of 
aerenchyma  play  the  role  of  lenticels  as  respiratory  organs  while  the 
plant  is  under  water.3  It  is  generally  assumed  that  aerenchyma  serves 
for  the  storage  of  oxygen  evolved  in  photosynthesis  and  that  the  aerat- 
ing system  is  a  means  of  transportation  of  this  oxygen  to  parts  of  the 
plant  body  in  need  of  it.  In  this  plant  the  endostelar  aerenchyma  may 
perform  the  functions  of  flood  protection  and  storage.  The  leaf  aeren- 
chyma probably  contributes  to  mechanical  support  and  facilitates  rolling 
of  the  leaf,  in  conjunction  with  the  action  of  the  bulliform  cells,  when 
reacting  to  conditions  of  excessive  transpiration. 

It  is  interesting  to  note  two  other  anomalous  features  of  this  plant, 
namely,  that  the  aerenchyma  cells  are  multinucleate  and  that  crystalline 
inclusions  are  found  in  both  the  aerenchyma  and  the  water-storage 
tissues. 

Plants  of  this  species  grown  from  seeds  in  a  temperate  climate 
under  mesophytic  conditions  have  produced  a  fully  developed  aerenchyma 
system.  This  indicates  that  the  structure  is  an  inherited  character  and 
is  not  due  to  the  immediate  effect  of  environment.  The  common  occur- 
rence, however,  of  aerenchyma  in  phylogenetically  widely  separated 
hydrophytes  probably  has  a  significance  that  is  not  yet  fully  appreciated 
and  which  merits  further  study. 
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DISTRIBUTION  OF  WATER  IN  RICINUS 


Delzie  Demaree,  State  of  Ohio,  Forestry  Department 

The  unequal  distribution  of  water  in  the  leaves  of  a  plant,  the 
greater  amount  being  in  the  lower  leaves,  has  been  shown  by  Schweitzer 
('89)  for  corn,  Kraus  and  Kraybill  ('18)  for  tomatoes,  Bakhuyzen  ('28) 
for  wheat,  Mme.  Krasnoselsky-Maximov  ('17)  for  Zygophyllum,  and 
Maximov  and  Krasnoselsky-Maximov  ('24)  for  Helianthus  and  Atriplex. 
Von  Hoehnel  ('78)  was  the  first  show  a  secondary  maximum  in  the 
upper  leaves. 

This  report  concerns  the  distribution  of  water  in  actively  growing 
plants  of  Ricinus  communis  L.  in  open  soil  on  the  campus  of  Stanford 
University,  the  experiments  being  conducted  during  September  and  Octo- 
ber, 1933.  Plants  were  of  two  sorts:  (1)  seedlings  designated  by  "S" 
and  (2)  sprouts  from  a  tree  20  cm.  D.B.H.  designated  by  "Sp"  (table  1). 
To  avoid  errors  in  sampling,  all  leaves  of  a  plant  or  sprout  were  col- 
lected in  the  field  early  in  the  morning  during  maximum  saturation  and 
placed  in  drying  cans.  The  stems  were  cut  into  20  cm.  lengths  beginning 
at  the  apex.  The  leaves  and  stems  were  dried  at  103°  C.  The  water 
content  was  calculated  on  a  dry  weight  basis. 

The  data  in  Table  1  indicate  that  the  water  in  the  leaves  is  very 
irregularly  distributed.  A  majority  of  plants  with  leaves  near  the  mid- 
dle tiers  showed  greater  water  content  than  the  lowest  leaf.  Leaves 
just  out  of  bud  or  emerging  from  it  show  the  greatest  water  content. 

Table  2  for  the  most  part  shows  that  the  stems  increase  in  water 
content  from  the  base  to  the  apex. 

Since  this  plant  has  very  large  leaves,  grows  over  a  long  period, 
and  produces  leaves  many  days  apart,  it  is  hoped  that  a  study  may 
be  made  of  the  environmental  conditions  under  which  each  leaf  grows 
in  the  field  in  relation  to  the  very  irregular  distributions  of  water. 
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THE  EFFECT  OF  PHOSPHORESCENT  AND  FLUORES- 
CENT MINERALS  UPON  THE  GROWTH 
OF  FUNGI  IN  CULTURES 


John  Norman  Porter,  Purdue  University 

For  a  number  of  years  there  has  been  conducted  a  series  of  experi- 
ments at  Purdue  designed  to  determine  the  effect  of  various  wave  lengths 
of  light  upon  the  growth  of  fungi  in  culture.  This  report  represents 
one  phase  of  this  rather  extensive  investigation. 

Some  minerals  and  chemical  compounds  possess  the  interesting  prop- 
erty of  emitting  a  phospherescent  glow  after  they  have  been  previously 
exposed  to  light.  This  glow  produces  sufficient  illumination  to  permit 
one  to  distinguish  between  letters  in  an  otherwise  darkened  room.  The 
luminesence  is  most  marked  immediately  after  the  exposure  of  the  min- 
erals to  light,  then  slowly  fades  until  after  a  few  hours  there  is  no 
visible  light  from  this  source. 

Experiments  with  zinc  sulphide. 

Zinc  sulphide  when  mixed  with  a  slight  amount  of  impurity  such 
as  bismuth  sulphide  is  exceedingly  phosphorescent  after  exposure  to  light. 
The  luminescent  quality  is  exhibited  by  this  compound  after  an  exposure 
of  less  than  a  minute  to  either  daylight  or  to  ordinary  electric  illumina- 
tion. The  phosphorescent  property  is  retained  with  diminishing  intensity 
throughout  a  period  of  several  hours.  The  light  given  off  includes  the 
violet,  indigo,  blue,  and  some  of  the  green  of  the  spectrum.  According 
to  other  investigators  there  is  no  indication  of  ultra  violet  being  given 
off  in  the  phosphorescent  glow. 

There  seems  to  be  no  adequate  explanation  at  the  present  time  why 
impure  zinc  sulphide  should  possess  this  strange  quality  of  luminesence. 
It  has  been  suggested  that  the  light  stimulus  to  which  the  chemical  is 
subjected  acts  with  more  or  less  explosive  force  on  the  atomic  arrange- 
ment within  the  compound.  The  return  of  the  various  chemical  units  to 
their  normal  position  within  the  molecule  may  account  for  the  energy 
released  in  the  form  of  light. 

The  following  technique  was  followed  in  order  to  irradiate  fungi 
with  this  type  of  light.  The  bottoms  were  cut  from  pyrex  test  tubes 
in  such  a  manner  that  a  small  glass  cup  eight  mm.  in  height  was  formed. 
These  cups  were  sterilized  in  a  Petri  plate  in  the  autoclave.  Potato 
dextrose  agar  was  poured  into  Petri  plates  and  before  the  agar  hardened 
the  glass  cups  were  pressed  into  the  agar  at  the  exact  center  of  the 
plate.  Agar  plates  so  prepared  were  inoculated  with  the  experimental 
fungus  which  was  permitted  to  attain  a  colonial  diameter  of  two  cm. 
before  it  was  irradiated.  Approximately  a  gram  of  zinc  sulphide  was 
then  placed  in  each  cup,  except  those  held  as  checks.  The  sulphide  was 
then  exposed  to  light  in  order  to  activate  its  phosphorescent  qualities 
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and  the  preparations  were  set  in  a  dark  room  and  maintained  at  room 
temperatures.  Re-exposure  to  light  was  made  at  approximately  eight 
hour  intervals.  Checks  were  treated  exactly  as  in  the  preparations  just 
described  except  that  zinc  sulphide  was  not  placed  in  the  cups  of  these 
plates. 

After  several  tests  had  been  made  in  the  manner  described,  the 
technique  was  altered  in  the  following  manner.  Luminous  paint,  which 
derived  its  phosphorescent  qualities  from  the  presence  of  zinc  sulphide, 
was  obtained.  This  paint  reacted  toward  light  in  exactly  the  same  man- 
ner as  that  previously  described  foi/  the  chemical  itself.  All  subsequent 
experiments  wTith  zinc  sulphide  were  made  using  the  paint  rather  than 
the  mineral  because  of  the  greater  ease  in  irradiating  fungi  when  it  was 
used.  The  paint  was  applied  to  either  the  upper  or  lower  surface  of  the 
lid  of  the  Petri  plate  in  which  the  test  fungus  was  growing.  The  effect 
of  the  luminescence  on  spore  germination  was  likewise  tested  using 
luminous  paint  to  smear  either  the  lower  or  upper  surface  of  the  lids 
of  culture  chambers  in  which  the  germination  of  the  spores  was  tested. 
The  spores  to  be  germinated  were  placed  in  water  drops  on  clean  glass 
slides  in  the  moist  chamber. 

The  following  results  were  obtained  when  the  phosphorescent  light 
from  zinc  sulphide  was  permitted  to  irradiate  either  fungus  cultures  or 
fungus  spores. 

Cultures 

Fusarium  oxysporium. — Zinc  sulphide  in  cups:  Retarded  growth 
and  increased  sporulation.  Paint  inside  Petri  dish  cover:  Growth  en- 
tirely checked  for  24  hrs. ;  after  24  hrs.  growth  was  resumed  at  a 
slower  rate  but  in  the  same  manner  as  the  check.  Increased  sporulation. 
Paint  outside  the  Petri  dish  cover:    No  visible  effects. 

Helminthosporium  inaequalis. — Zinc  sulphide  in  cups:  No  marked 
retardation  of  growth.  Increased  sporulation.  Paint  inside  Petri  dish 
cover:  Growth  entirely  checked  over  the  first  24  hr.  period  and  then 
resumed  slowly.  Greatly  increased  sporulation.  Paint  outside  Petri 
dish  cover:    Growth  not  checked,  but  increased  sporulation. 

Colletotrichwn  lagenarium. — Zinc  sulphide  in  cups:  No  effect. 
Paint  inside  Petri  dish  cover:  Growth  entirely  checked  for  the  first  24 
hrs.  and  then  slowly  resumed.  More  aerial  hyphae  about  the  edge  of 
the  colony,  which  always  seems  to  be  directed  outward  toward  the  pe- 
riphery of  the  plate.  Greater  activity  of  the  acervuli  in  the  center  of 
the  colony.     Paint  outside  Petri  dish  cover:    No  visible  effect. 

Sclerotinia  americana. — Paint  outside  Petri  dish  cover:  Cultures  so 
exposed  averaged  a  colonial  diameter  of  70  mm.  after  80  hrs.  Check 
cultures  entirely  filled  the  plate  in  the  same  period  of  time  and  were 
therefore  90  mm.  in  diameter.  Greatly  increased  sporulation.  Sclero- 
tinia americana  was  not  exposed  to  luminous  minerals  in  any  other 
manner. 

Penicillium  digitatum. — Paint  outside  Petri  dish  cover:  The  only 
effect  observed  with  this  fungus  was  that  the  irradiated  cultures  were 
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distinctly  more  blue  in  color  than  those  not  irradiated.     This  was  the 
only  manner  in  which  this  fungus  was  irradiated. 

Pythium  deBaryanum. — This  fungus  was  exposed  to  luminous  paint 
applied  to  both  inside  and  outside  the  Petri  dish  cover.  No  observable 
effect. 

Spore  Germination 

Spores  of  Alternaria  solani  were  chosen  for  this  study  because  of 
their  large  size  and  because  of  the  ease  with  which  the  spores  are  ger- 
minated. Checks  gave  a  germination  between  96  and  100%  after  24  hrs. 
Paint  on  the  inside  of  the  lids  of  the  culture  chambers  produced  an  effect 
whereby  there  was  no  germination  after  24  hrs.  and  less  than  10%  after 
60  hrs.  Spores  in  chambers  with  luminous  paint  on  the  outside  of  the 
covers  had  the  same  percentage  germination  as  did  the  checks. 

Experiments  with  other  minerals. 

Samples  of  willemite,  which  is  phosphorescent  under  certain  cir- 
cumstances, gave  no  visible  phosphorescent  glow  even  after  exposure  to 
sunlight.  This  mineral,  it  is  said,  can  only  be  activated  by  a  stream 
of  electrons  from  an  electron  gun.  With  the  assistance  of  the  Depart- 
ment of  Electrical  Engineering,  it  is  hoped  that  we  may  be  able  to  test 
willemite  in  the  same  manner  as  we  tested  zinc  sulphide.  Willemite 
which  gave  off  no  visible  luminesence  had  no  effect  upon  fungi  in  culture. 

Kunzite  possesses  fluorescent  qualities.  Since  fluorescence  is  purely 
a  physical  phenomenon  we  did  not  anticipate  that  fungi  in  its  presence 
would  exhibit  variation.  Fungi  were  not  affected  by  the  near  presence 
of  kunzite. 

It  was  thought  that  zinc  sulphide,  luminous  paint,  and  willemite 
uninactivated  and  not  giving  off  any  visible  light  might  be  giving  off 
some  type  of  energy  that,  though  not  visible  to  the  eye,  might  have  some 
potency.  To  test  this  possibility  photographic  paper  and  very  sensitive 
photographic  film  were  subjected  to  the  presence  of  zinc  sulphide,  zinc 
sulphide  paint,  and  to  willemite.  The  experiment  was  so  devised  that  in 
some  instances  glass  separated  the  minerals  from  the  paper  and  the 
film.  In  other  instances  glass  did  not  intervene.  Paper  and  film  were 
developed  after  exposure.  The  paper  gave  no  indication  of  fogging.  The 
film  was  fogged  in  every  instance.  It  might  be  deduced  from  this  experi- 
ment that  energy  in  some  invisible  form  is  being  released  from  the  min- 
erals under  investigation,  but  proof  of  this  deduction  can  only  be 
ascertained  after  further  tests. 

In  summary,  it  appears  as  if  the  radiations  from  phosphorescent 
minerals  have  but  little  effect  upon  the  growth  of  fungi.  When  the  ex- 
posure is  made  under  extremely  favorable  circumstances  the  further 
development  of  most  of  the  fungi  tested  was  temporarily  inhibited.  It 
is  possible  that  luminous  paint  possesses  some  fungicidal  value. 
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RARE  GASTEROMYCETES  OF  INDIANA 


A.  R.  Bechtel,  Wabash  College 

Following  the  heavy  rains  which  broke  the  drought  of  1934  there 
appeared  a  luxuriant  crop  of  various  species  of  mushrooms  and  the 
larger  fungi  in  the  vicinity  of  Crawfordsville,  Indiana.  The  order 
Phallales  (Stinkhorns)  was  uncommonly  numerous  as  individuals  and 
two  species  were  discovered  which  the  writer  had  never  seen  in  Indiana 
nor  elsewhere. 


•  fTfl'l 
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Fig.  1.  Dictyophora  duplicata.  Fig.  2.  Simblum  sphaerocephalum.  The  drawing- 
is  from  Engler  and  Prantl  Nat.  Pflanzenf.  Fig.  3.  Anthurus  borealis.  Fig.  4.  Tylos- 
toma   mammosum. 


Dictyophora  duplicata  (Bosc.)  E.  Fischer  (fig.  1)  was  most  numer- 
ous. During  three  weeks  in  September  about  two  dozen  plants  of  this 
species  appeared  among  the  shrubbery  on  the  rear  part  of  a  city  lot. 
Ithyphallus  Ravenellii  (B.  and  C.)  E.  Fischer  appeared  in  lawns,  one 
large  clump  between  the  street  curb  and  sidewalk.  Mutinus  elegans 
Mont,  appeared  in  lawns  and  in  pastures. 

The  two  choice  finds  were  Simblum  sphaerocephalum  Schlecht.  and 
Anthurus  borealis  Burt.  (figs.  2,  3).  The  former  was  found  in  a  pasture 
west  of  Crawford's  Woods,  west  of  Crawfordsville.  There  are  few  re- 
ports of  this  fungus  in  our  literature  (1,  2). 

Anthurus  borealis  seems  to  be  a  rarer  plant  in  the  United  States. 
During  the  months  of  August  and  September  it  appeared  daily  on  a 
garden  spot  where  sawdust  had  been  dumped  a  year  before.  This  was 
on  the  east  side  of  Crawfordsville,  at  1720  Elmore  Street.  Fully  a  hun- 
dred plants   appeared.      This   plant  has   been  reported  a  few  times   in 
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several  of  the  eastern  states   (3,  4,  5,  6).     The  writer  will  be  glad  to 
hear  of  other  finds  of  Simblum  and  Anthurus  in  Indiana.1 

In  the  fall  of  1922  Tylostoma  mammosum  Fr.  was  found  on  a  sandy 
spot  along  Dry  Branch  in  Crawford's  Woods  (Fig.  4).  The  same  spot 
was  visited  annually  since  1922  but  none  had  ever  been  found  again 
until  this  fall,  1934.  Lloyd  identified  it  in  1922.  He  then  recognized 
it  to  be  the  same  as  the  European  species  (7). 
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1  Mr.    Willard    N.    Clute,    Indianapolis,    reports   that   Anthurus    borealis    has    appeared 
several    summers    in   the   Botanic    Garden    at    Butler    University. 
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ANTHRACNOSE  OF  BETULA  NIGRA 


J.  M,  Van  Hook  and  R.  C.  Busteed,  Indiana  University 

Gleosporium  betularum  Ell.  and  Mart.,  defoliating  Betula  nigra  L., 
was  first  collected  in  1920  on  young  trees  shipped  from  Tennessee.  The 
fungus  appeared  at  this  time  to  do  but  little  harm,  spotting  leaves  only. 
However,  in  1932,  it  was  noticeably  defoliating  two  large  trees  of 
Betula  nigra  much  before  the  regular  season  of  leaf  falling.  The  effect 
on  and  the  appearance  of  the  leaves  was  very  similar  to  that  of  Marsonia 
on  Carolina  poplar. 

The  disease  appeared  on  these  same  trees  in  June,  1933.  Each 
fallen  leaf  showed  usually  a  single  spot,  showing  that  a  strong  toxin 
was  present.  It  failed  to  show  up  after  June,  the  trees  preserving  their 
foliage  as  in  former  years.  Just  before  the  regular  time  for  leaf  fall 
in  October,  1933,  some  leaves  showed  spotting  and  a  few  yellowed  and 
fell  to  the  ground.  The  spots  were  identical  with  those  of  the  previous 
year. 

In  the  autumn  of  1934,  this  Gleosporium  was  quite  severe  again, 
causing  much  defoliation,  although  we  have  never  observed  it  on  the 
cut  leaf  birch  or  the  ordinary  white  birch  which  grew  adjacent  in  the 
same  yard.  However,  it  was  found  on  trees  of  B.  nigra  in  Daviess 
County  where  it  seemed  to  defoliate  very  old  and  large  trees. 

The  following  is  a  redescription  of  the  species  as  we  find  it: 

Spots,  few,  definite,  evenly  distributed,  occasionally  coalescing,  am- 
phigenous;  above,  brown  becoming  pale  in  center,  surrounded  by  a  yellow 
zone;  below,  paler,  nearly  circular,  2-3  mm.  in  diameter.  Acervuli  (fig. 
1)  amphigenous,  brown,  200-650  microns  in  diameter,  falling  out  and 
leaving  a  cup  shaped  scar,  usually  a  single  acervulus  in  each  spot,  occa- 
sionally two  or  more  which  may  coalesce.  Spores  hyaline  obovate,  occa- 
sionally ovate,  8-15  by  6-8  microns,  granular  and  irregulary  guttulate. 
The  abundance  of  spores  having  the  lower  end  tapering  to  a  point  is  the 
most  striking  thing  about  this  species. 


Fig.  1.  Cross  section  through  diseased  leaf  of  Betula  nigra  showing  an  acervulus 
with  its  thickened  and  darkened  cuticle,  and  abnormal  cells  induced  by  the  fungus. 
Above :      Spore    greatly    enlarged. 
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NOTES  ON  INDIANA  GRASSES,  1934 


J.  E.  Potzger,  Butler  University 

This  is  the  third  contribution  of  a  series  of  annual  reports  on  Indi- 
ana grasses  previously  unreported  for  the  counties  specified.  The  nomen- 
clature is  that  of  Deam's  Indiana  Grasses,  1929. 

Species  prefixed  with  a  star  have  been  reported  by  Mr.  Scott  McCoy 
of  Indianapolis. 

The  writer  also  gratefully  acknowledges  the  checking  of  species 
reported  in  this  paper  by  Mr.  Chas.  C.  Deam.  A  specimen  of  each  grass 
reported  was  deposited  in  the  Butler  University  herbarium. 

Agropyron  repens  (L.)  Beauvois.  Johnson  County.  Roadside 
ditch  and  edge  of  woods,  3  miles  south  of  Trafalgar. 

Agrostis  hiemalis  (Walter)  BSP.  Brown  County.  Open  oak  woods 
1  mile  south  of  Bean  Blossom,  along  highway  35.  Johnson  County. 
Dry,  waste  field  on  high  ridge,  3  miles  south  of  Trafalgar.  Morgan 
County.  Edge  of  road,  3  miles  southwest  of  Morgantown.  Sullivan 
County.*     Roadside  near  Paxton. 

Agrostis  perennans  (Walter)  Tuckerman.  Bartholomew  County. 
Edge  of  woods  near  highway  46,  Stony  Lonesome,  10  miles  west  of 
Columbus. 

Agrostis  stolonifera  var.  major  (Gaudin)  Farwell.  Brown 
County.  Open  place  along  an  old  road  near  highway  35,  about  1  mile 
south  of  Bean  Blossom. 

Aristida  dichotoma  Michaux.  Bartholomew  County.  Waste  places 
along  highway  46,  Stony  Lonesome,  10  miles  west  of  Columbus.  Sul- 
livan County.  Open  waste  field  about  one-half  mile  southwest  of  lake 
in  Shakamak  Park. 

Aristida  oligantha  Michaux.  Bartholomew  County.  Waste  places 
along  highway  46,  Stony  Lonesome,  10  miles  west  of  Columbus.  Brown 
County.  Dry  clay  hills  along  highway  35,  about  1  mile  south  of  Bean 
Blossom. 

Aristida  ramosissima  Engelman.  Clay  County.  Waste  places  about 
log  cabin  in  Shakamak  Park. 

Aristida  purpurascens  Poiret.  Knox  County.  Sandy  soil  of  rail- 
way embankment  southern  edge  of  Oak  Town  on  highway  41. 

Bouteloua  curtipendida  (Michaux)  Torrey.  Cass  County.  Sandy 
ridge  near  Lake  Cicott. 

Brachyelytrum  erectum  (Schreber)  Beauvois.  Brown  County. 
Edge  of  oak  woods  and  country  road,  1  mile  south  of  Bean  Blossom, 
half  mile  east  of  Whipporwills  Nest. 

Bromus  commutatus  Schrader.  Bartholomew  County.  Edge  of 
ditch  and  road  near  Stony  Lonesome,  10  miles  west  of  Columbus. 
Johnson  County.  Edge  of  country  road,  along  ditches,  3  miles  south 
of  Trafalgar.     Sullivan   County.     *Low  thicket  near  Paxton. 
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Bromus  japonicus  Thunberg.  Brown  County.  Along  edge  of  old 
country  road,  open  place  near  highway  35,  about  1  mile  south  of  Bean 
Blossom. 

Bi'omus  purgans  forma  laevivaginatus  Wiegand.  Brown  County. 
Open  place  along  old  road  near  highway  35  about  1  mile  south  of  Bean 
Blossom. 

Bromus  secalinus  L.  Bartholomew  County.  Along  ditch  near  edge 
of  open  woods,  Stony  Lonesome,  about  10  miles  west  of  Columbus. 

Calamagrostis  canadensis  (Michaux)  Beauvois.  Hancock  County. 
*Low  ground  half  mile  east  of  Maxwell. 

Cenchrus  paaciflorus  Bentham.  Marion  County.  *  Rocky  Ripple, 
near  Butler  University,  Indianapolis.  Knox  County.  Sandy  waste 
places  at  edge  of  Oak  Town. 

Cinna  arundinacea  Linnaeus.  Madison  County.  *  Along  Lick  Creek, 
about  2  miles  east  of  Ingalls. 

Dactylis  glomerata  Linnaeus.  Johnson  County.  Edge  of  waste 
place  along  country  road,  along  ditches,  3  miles  south  of  Trafalgar. 
Morgan  County.     Edge  of  road  3  miles  southwest  of  Morgantown. 

Danthonia  spicata  (L.)  Beauvois.  Bartholomew  County.  Edge 
of  woods,  fields  at  Stony  Lonesome,  10  miles  west  of  Columbus.  John- 
son County.  Dry  waste  field  on  high  clay  ridge,  3  miles  south  of 
Trafalgar.  Morgan  County.  Waste  hill  with  scattered  tree  vegetation, 
3  miles  southwest  of  Morgantown. 

Digitaria  ftliformis  (L.)  Koeler.  Sullivan  County.  Open  waste 
field,  clay  soil,  about  half  mile  southwest  of  lake  in  Shakamak  Park. 

Digitaria  Ischaemum  Schreber.  Bartholomew  County.  Along  side 
of  road,  edge  of  ditch,  highway  46,  Stony  Lonesome,  about  10  miles 
west  of  Columbus.  Crawford  County.  Waste  places  on  Marengo  Cave 
grounds. 

Echinochloa  crusgalli  (L.)  Beauvois.  Knox  County.  Edge  of  lit- 
tle creek,  .7  mile  north  of  Emison  along  highway  41.  Madison  County. 
*Low  ground  along  Lick  Creek  about  2  miles  east  of  Ingalls. 

Eleusine  indica  (L.)  Gaertner.  Clay  County.  Waste  places  about 
log  cabin  in  Shakamak  Park. 

Elymus  canadensis  Linnaeus.  Knox  County.  Wet  sandy  bank  off 
the  railway  embankment,  1  mile  west  of  Sanborn. 

Elymus  villosus  Muhl.  Brown  County.  Ditch  along  field,  partly 
shaded  by  small  trees,  3  miles  east  of  Nashville.  Montgomery  County. 
Along  edge  of  Indian  Creek,  Pine  Hills. 

Eragrostis  capillaris  (L.)  Nees.  Bartholomew  County.  Along 
side  of  road,  associated  with  Digitaria,  Stony  Lonesome,  10  miles  west 
of  Columbus.  Crawford  County.  Lower  edge  of  cliff  and  flood  plain 
of  small  stream  on  Marengo  Cave  grounds. 

Eragrostis  Frankii  Steudel.  Crawford  County.  Edge  of  path 
leading  through  Marengo  Cave  grounds. 

Eragrostis  pectinacea  (Michaux)  Nees.  Monroe  County.  Edge  of 
road  half  mile  west  of  Mr.  Baxter's  home,  Salt  Creek  Township. 

Festuca  elatior  Linnaeus.  Bartholomew  County.  Edge  of  ditch 
and  highway  46,  Stony  Lonesome,  10  miles  west  of  Columbus.  Morgan 
County.  Edge  of  ditch  along  highway  35,  3  miles  southwest  of  Morgan- 
town. 
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Festuca  obtusa  Sprengel.  Johnson  County.  Open  woods,  3  miles 
south  of  Trafalgar. 

Festuca  ovina  Linnaeus.  Marion  County.  Edge  of  woods,  lawn 
under  a  large  tree,  Sherman  Drive  and  Forty-second  Street.  Indianapo- 
lis, Indiana. 

Glycerin  striata  (Lamarck)  Hitchcock.  Sullivan  County.  *Low 
ground  near  Paxton. 

Hordeum  jubatum  Linnaeus.  Montgomery  County.  *Farm  near 
Clark's  hill. 

Hordeum  pusillum  Nuttall.  Sullivan  County.  *  Roadside  near 
Paxton. 

Hystrix  patula  Moench.  Bartholomew  County.  Side  of  highway 
45  and  edge  of  woods  5  miles  west  of  Columbus.  Brown  County.  Dry 
clay  bank  along  highway  35,  2  miles  south  of  Nashville.  Johnson 
County.     Ravine  in  an  open  woods,  3  miles  south  of  Trafalgar. 

Leersia  oryzoides  (L.)  Swartz.  Cass  County.  Low  wet  place 
along  the  border  of  Lake  Cicott. 

Leersia  virginica  Willdenow.  Crawford  County.  Low  moist  soil 
on  the  lower  part  of  the  Marengo  Cave  grounds. 

Muhlenbergia  brachyphylla  Bush.  Monroe  County.  Waste  place 
along  roadside  ditch,  one-half  mile  west  of  Mr.  Baxter's  home,  Salt 
Creek  Township,  10  miles  southeast  of  Bloomington. 

Muhlenbergia  foliosa  Trinius.  Crawford  County.  Low  moist  places 
on  the  lower  part  of  Marengo  Cave  grounds.  Sullivan  County. 
Shady  low  woods,  clay  soil,  off  the  southwest  corner  of  the  lake  in 
Shakamak  Park. 

Muhlenbergia  glabriflora  Scribner.  Knox  County.  Moist  soil  along 
a  ditch  bordering  railway  embankment,  1  mile  south  of  Sandborn. 

Muhlenbergia  mexicana  (L.)  Trinius.  Bartholomew  County. 
Along  edge  of  little  stream  in  wooded  area  near  highway  46,  Stony 
Lonesome,  10  miles  west  of  Columbus.  Cass  County.  Low  wet  soil 
near  the  shore  of  Lake  Cicott.  Morgan  County.  Waste  places  along 
road  leading  into  field  west  of  bridge  over  Sycamore  Creek,  2  miles 
directly  south  of  Centerton. 

Muhlenbergia  Schreberi  Gmelin.  Bartholomew  County.  Along 
edge  of  little  stream  in  wooded  area,  Stony  Lonesome,  10  miles  west  of 
Columbus  along  highway  46.  Crawford  County.  Low  moist  soil  near 
the  little  creek  through  Marengo  Cave  grounds.  Morgan  County. 
Waste  places  along  road  leading  into  field  west  of  bridge  across  Syca- 
more Creek,  2  miles  south  of  Centerton. 

Muhlenbergia  sobolifera  (Muhlenberg)  Trinius.  Bartholomew 
County.  Along  edge  of  little  stream  in  wooded  area  in  Stony  Lonesome, 
10  miles  west  of  Columbus,  along  highway  46. 

Muhlenbergia  tenuiflora  (Willdenow)  BSP.  Knox  County.  Moist 
and  shady  upland  forest  along  highway  41,  about  3.8  miles  south  of 
Emison.  MORGAN  County.  Beech  woods,  especially  on  the  lower  slopes 
of  ravines,  half  mile  west  of  bridge  over  Sycamore  Creek,  2  miles  south 
of  Centerton. 

Muhlenbergia  umhrosa  Scribner.  Bartholomew  County.  Along 
edge  of  little  stream  in  wooded  area  at  Stony  Lonesome,  10  miles  west 
of  Columbus. 
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Paspalum  pubescent  Muhlenberg-.  Morgan  County.  Dry  clay  hill, 
waste  field,  one-half  mile  west  of  bridge  over  Sycamore  Creek,  2  miles 
directly  south  of  Centerton. 

Panicum  Bicknellii  Nash.  Brown  County.  Open  hillside,  dry  oak 
woods  at  station  21,  1.5  miles  south  of  Bean  Blossom  along  the  first 
country  road  to  left  from  highway  35. 

Panicum  capillare  Linnaeus.  Bartholomew  County.  Waste  field 
edge  of  woods  at  Stony  Lonesome,  10  miles  west  of  Columbus.  Craw- 
ford County.  Edge  of  corn  field  and  little  creek  west  of  Marengo  Cave 
on  the  cave  grounds.  Knox  County.  Edge  of  little  creek,  .7  mile  north 
of  Emison,  along  highway  41.  Sullivan  County.  Roadside  along  waste 
field,  west  of  lake  in  Shakamak  Park. 

Panicum  clandestinum  Linnaeus.  Bartholomew  County.  Along 
ditch  near  the  edge  of  highway  46,  Stony  Lonesome,  10  miles  west  of 
Columbus.  Johnson  County.  Edge  of  country  road,  3  miles  south  of 
Trafalgar. 

Panicum  dichotomum  Linnaeus.  Bartholomew  County.  In  sassa- 
fras thickets  on  dry  clay  hills,  Stony  Lonesome,  10  miles  west  of  Colum- 
bus.    Montgomery  County.     Dry  uplands,  oak  woods  at  Pine  Hills. 

Panicum  dichotomiflorum  Michaux.  Cass  County.  Waste  places 
along  upper  shore  of  Lake  Cicott.  Knox  County.  Edge  of  little  creek, 
.7  mile  north  of  Emison. 

Panicum  Gattingeri  Nash.  Bartholomew  County.  Edge  of  road 
and  a  shallow  ditch,  Stony  Lonesome,  10  miles  west  of  Columbus.  Craw- 
ford County.  Edge  of  corn  field  at  the  western  edge  of  Marengo  Cave 
grounds.  Knox  County.  Along  edge  of  little  taxodium  swamp,  14 
miles  southwest  of  Decker;  usually  associated  with  Panicum  capillare. 
Sullivan  County.    Open  wraste  lowland  west  of  lake  in  Shakamak  Park. 

Panicum  huachucae  Ashe.  Bartholomew  County.  Edge  of  woods, 
fields  at  Stony  Lonesome,  10  miles  west  of  Columbus.  Brown  County. 
Along  old  road,  open  places,  near  highway  35,  about  1  mile  south  of 
Bean  Blossom.  Johnson  County.  Dry  field  on  ridge  top,  3  miles  south 
of  Trafalgar.  Morgan  County.  Waste  field  on  ridge  top  with  scat- 
tered tree  vegetation,  3  miles  southwest  of  Morgantown. 

Panicum  latifolium  Linnaeus.  Browtn  County.  Along  old  road  near 
first  turn  in  highway  35,  south  of  Bean  Blossom.  Johnson  County. 
Along  hillside  road,  clay  soil,  3  miles  south  of  Trafalgar. 

Panicum  line ari folium  var.  Werneri  (Scribner)  Fernald.  Bartholo- 
mew County.  Edge  of  woods,  along  oak  ridges,  rocky  shallow  soil,  at 
Stony  Lonesome,  10  miles  west  of  Columbus. 

Panicum  microcarpon  Muhlenberg.  Brown  County.  Black-white 
oak  woods  at  station  1,  3  miles  northwest  of  Nashville,  near  Gnawbone. 

Panicum  philadelphicum  Bernhardi.  Cass  County.  Foot  of  hill 
near  shore  of  Lake  Cicott,  just  below  cottage.  Clay  County.  Edge 
of  forest  and  waste  field  near  log  cabin,  associated  with  Panicum  capil- 
lare. Morgan  County.  Dry  clay  hill,  edge  of  field  half  mile  west  of 
bridge  over  Sycamore  Creek,  2  miles  south  of  Centerton. 

Panicum  polyanthes  Schultes.  Bartholomew  County.  In  sassafras 
thicket  on  dry  clay  hill  at  Stony  Lonesome,  10  miles  west  of  Columbus. 
Morgan  County.  Dry  clay  ridge,  waste  field,  half  mile  west  of  bridge 
over  Sycamore  Creek,  2  miles  south  of  Centerton. 
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Panicum  Scribnericunum  Nash.  Morgan  County.  Waste  hill  with 
scattered  tree  vegetation,  3  miles  southwest  of  Morgantown. 

Phleum  pratense  Linnaeus.  Johnson  County.  Edge  of  country 
road,  3  miles  south  of  Trafalgar.  Morgan  County.  Edge  of  road,  3 
miles  southwest  of  Morgantown. 

Poa  compressa  Linnaeus.  Brown  County.  Edge  of  oak  woods  near 
a  country  road,  about  1.5  miles  south  of  Bean  Blossom.  Bartholomew 
County.     Roadside  at  Stony  Lonesome,  10  miles  west  of  Columbus. 

Poa  pratensis  Linnaeus.  Brown  County.  Along  old  road,  open 
place  near  highway  35,  about  1  mile  south  of  Bean  Blossom.  Johnson 
County.  Lowland  woods  near  a  little  creek,  3  miles  south  of  Trafalgar. 
Starke  County.  Railway  embankment  at  the  southern  edge  of  San 
Pierre. 

Setaria  viridis  (L.)  Beauvois.  Knox  County.  Sandy  embankment 
between  railway  tracks  and  highway  41,  half  mile  south  of  Emison. 

Sorghum  halepense  (L.)  Persoon.  Knox  County.  Waste  place 
along  railway  embankment  and  highway  41,  1.7  miles  south  of  Emison. 

Sphenopholis  pallens  (Sprengel)  Scribner.  Brown  County.  Open 
oak  woods,  1  mile  south  of  Bean  Blossom,  near  highway  35. 

Sporobolus  asper  (Mx.)  Kunth.  Cass  County.  Sandy  embankment 
along  railway  track  near  cottage  at  Lake  Cicott.  Marion  County. 
Waste  field  south  of  Butler  University,  southern  edge  of  campus  and  path 
along  canal  upper  rim ;  Massachusetts  Avenue  and  railway,  Indianapolis. 

Sporobolus  canovirens  Nash.  Cass  County.  Sandy  railway  em- 
bankment near  cottage  at  Lake  Cicott. 

Sporobolus  neglectus  Nash.  Greene  County.  Low  mucky  soil  near 
edge  of  highway  59,  3.4  miles  southwest  of  Linton. 

Sporobolus  vaginaeflorus  (Torrey)  Wood.  Cass  County.  Waste 
sandy  soil  on  cottage  grounds  at  Lake  Cicott.  Greene  County.  Waste 
place  along  edge  of  highway  59,  2.5  miles  southwest  of  Linton.  Knox 
County.  Waste  place  along  railway  tracks  and  road,  2  miles  north  of 
Decker.  Morgan  County.  Dry  clay  hill,  waste  fields,  half  mile  west  of 
bridge  over  Sycamore  Creek,  2  miles  south  of  Centerton. 
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THE  ADSORPTION  OF  DIPHTHERIA  TOXIN  AND 
TOXOID  ON  COLLOIDAL  GELS 


F.  A.  Miller,  Thos.  DeVries,  and  Mary  Ann  Miller, 
Eli  Lilly  Co.  and  Purdue  University 

Introduction 

The  work  of  Ramon1  on  the  use  of  non-specific  substances  such  as 
tapioca  and  alum  in  diphtheria  toxin  and  toxoid  for  the  purpose  of  in- 
creasing the  degree  of  immunity  produced  in  animals,  has  led  to  the 
investigation  of  other  substances  for  this  same  use.  The  results  of  this 
early  work,  especially  with  alum,  showed  that  while  the  addition  of  these 
substances  definitely  increased  the  rate  of  antitoxin  production  in  most 
animals  used,  there  were  certain  disadvantages  to  their  repeated  use  on 
the  same  animal.  In  an  effort  to  eliminate  these  disadvantages,  and  at 
the  same  time  reduce  the  rate  of  elimination  of  the  antigen  by  the  ani- 
mal, the  use  of  colloidal  substances  was  suggested.  The  increased  rate 
of  antitoxin  production  which  occurs  when  these  foreign  substances  are 
added  to  toxin  is  thought  to  be  due  to  retarded  adsorption  and  possibly 
also  to  increased  irritation  of  the  subcutaneous  tissues.  It  is  well  known2 
that  unmodified  liquid  toxin  when  injected  into  animals  is  rapidly  lost 
by  elimination.  Only  a  small  portion  of  the  toxin  is  actually  retained 
by  the  tissues  and  becomes  effective  as  an  immunizing  agent.  The 
adsorptive  properties  of  various  colloids  for  dyes,  enzymes,  and  other 
similar  substances  would  indicate  their  use  for  the  adsorption  of  toxin 
from  the  original  meat  broth  in  which  it  is  produced,  with  subsequent 
injection  of  the  toxin-containing  colloid  into  the  animal.  This  toxin 
should  be  more  slowly  released  and  be  effective  for  tissue  stimulation 
over  a  period  of  time,  thus  giving  greater  immunity  response  with  less 
antigen. 

Experimental 

a.     Preparation  of  gels 

As  a  first  step,  various  gels  were  made  up  as  follows:  aluminum 
hydroxide  from  the  mixing  of  solutions  of  aluminum  nitrate  and  am- 
monium hydroxide;  aluminum  hydroxide  from  the  hydrolysis  of  urea  in 
aluminum  nitrate  solution;  calcium  phosphate  from  the  mixing  of  solu- 
tions of  calcium  chloride  and  dibasic  sodium  phosphate;  aluminum  phos- 
phate from  solutions  of  aluminum  nitrate  and  dibasic  sodium  phosphate; 
and  silica  gel  from  sodium  silicate  solution  with  acetic  acid.  The  alum- 
inum hydroxide  gels  were  made  from  solutions  with  concentrations  vary- 
ing from  4  N  to  0.001  N  in  order  to  determine  the  different  types  of  gels 

1  Coraptes  Rendus,    93,   506    (1925). 

2  A.    T.    Glenny,    G.    A.    H.    Buttle,    and    F.    Muriel.      Diphtheria    Toxoid    Elimination. 
Jr.    Path,   and   Bact.,   34,   267    (1931). 
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that  would  be  obtained.  The  relative  rates  of  adsorption  for  the  different 
kinds  of  gels  (alumina  gels  from  solutions  of  varying  concentrations, 
calcia  gels,  etc.)  were  determined  by  the  use  of  dyes  and  comparison 
in  the  colorimeter.  Only  slight  differences  in  the  rates  of  adsorption 
were  indicated  by  this  method. 

b.  Adsorption  of  toxin  on  gels 

Experiments  were  then  made  using  these  gels  in  varying  amounts 
with  diphtheria  toxin.  Diphtheria  toxin  was  chosen  because  of  the 
greater  accuracy  of  animal  tests  for  its  presence  and  quantity.  The 
completeness  of  toxin  adsorption  was  determined  by  the  flocculation  test 
and  the  minimum  lethal  dose  test  on  guinea  pigs.  It  was  found  that 
at  least  equal  volumes  of  gel  and  toxin  were  necessary  to  secure  the 
adsorption  of  from  eighty  to  ninety  per  cent  of  the  original  toxin. 
These  experiments  were  performed  by  adding  to  a  quantity  of  toxin 
an  equal  volume  of  the  colloid  taken  up  in  as  small  a  volume  of  water 
as  possible,  and  allowing  the  mixture  to  stand  twelve  to  twenty-four 
hours  with  frequent  agitation.  Later  experiments  indicated  that  adsorp- 
tion takes  place  almost  immediately.  The  mixtures  were  then  filtered 
and  the  gel  washed  with  distilled  water  until  the  washings  gave  a 
negative  biuret  test.  In  this  manner  the  meat  proteids  of  the  original 
toxin  broth  containing  no  essential  constituents  were  removed.  There 
is,  then,  a  consequent  purification  of  the  toxin  at  this  point.  The 
washed  gel  was  then  resuspended  in  enough  distilled  water  to  bring  the 
volume  up  to  the  original  volume  of  the  toxin  in  order  to  facilitate 
calculations  for  dosage  to  guinea  pigs.  A  portion  of  the  first  filtrate 
was  retained  for  tests  for  the  presence  of  unadsorbed  toxin.  The  tests 
on  these  filtrates  from  the  alumina  and  calcia  gels  always  indicated 
an  adsorptive  rate  of  from  eighty  to  ninety  per  cent. 

c.  Toxicity  of  adsorbed  toxins 

The  next  problem  was  to  discover  to  what  extent  the  adsorbed  toxin 
was  retained  by  the  gels  when  injected  into  guinea  pigs.  By  calculat- 
ing these  tests  on  the  original  value  of  the  toxin  at  an  adsorptive  rate 
of  eighty  per  cent,  it  was  found  that  in  some  instances  as  much  as 
five  minimum  lethal  doses  of  toxin  could  be  injected  without  causing 
the  immediate  death  of  the  animals.  When  larger  doses  were  given 
the  animals  died,  the  time  of  death  varying  with  the  increase  in  the 
dose  but  nearly  always  occurring  later  than  would  have  been  expected 
had  straight  toxin  been  administered.  This  would  indicate  a  relatively 
slow  rate  of  release  of  the  toxin  from  the  gel.  When  the  gel  was 
given  in  amounts  containing  from  one  to  five  minimum  lethal  doses,  the 
rate  of  release  was  such  that  the  animal  could  develop  sufficient  im- 
munity to  protect  itself.  These  animals  lived  from  18  to  32  days  after 
injection  of  the  doses.  Large  doses  of  the  gels  without  adsorbed  toxin 
caused   no   ill   effects   when   injected  into   animals. 

d.     Adsorption  of  toxoid  on  gels  and  antigenic  efficiency 

These  preliminary  experiments  were  made  with  diphtheria  toxin 
because  of  the  more  accurate  available  tests  for  checking  both  the  rate 
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of  adsorption  and  the  rate  of  release  of  the  adsorbed  toxin  when 
injected  into  live  animals.  When  considered  from  the  point  of  im- 
munity response,  however,  it  is  known  to  be  more  difficult  to  immunize 
with  the  toxin  than  it  is  with  the  toxoid.  The  toxoid  is  the  detoxified 
toxin,  detoxification  being  obtained  by  the  use  of  0.4%  formaldehyde 
and  prolonged  incubation.  Since  the  gels  so  far  tested  seemed  to  pos- 
sess the  properties  of  adsorbing  this  toxin  in  considerable  amounts  and 
the  rate  of  release  when  injected  into  animals  was  relatively  slow, 
it  would  seem  to  offer  advantages  over  the  unmodified  antigen  in  the 
production  of  antitoxin. 

Further  experiments  were  performed,  therefore,  for  the  purpose  of 
studying  the  comparative  degree  of  immunity  developed  when  using  ad- 
sorbed and  unadsorbed  toxoid.  This  test  was  made  by  injecting  series  of 
guinea  pigs  with  one-half  cubic  centimeter  amounts  of  the  adsorbed  and 
unadsorbed  toxoids,  allowing  four  to  six  weeks  for  immunity  to  develop 
and  then  giving  varying  doses  of  toxin.  The  pigs  withstanding  the 
largest  doses  of  toxin  would  have  developed  the  most  antitoxin. 


i 

TABLE  I 

Immunity  Test — Diphtheria  Toxoid  Adsorbed 

on  Calcium  Gel 

Toxoid  No.  872145 

Guinea 

Amount 

Date 

Toxin  Inj. 

Toxin  Inj. 

Pig.  No. 

Injected 

Inj.  Result 

9-11-33    Result 

9-22-33 

Result 

162 

0.5  cc. 

8-4-33  Lived 

5  M.L.D.  Lived 

500  M.L.D. 

Lived 

167 

0.5  cc. 

8-4-33  Lived 

5  M.L.D.  Lived 

166 

0.5  cc. 

8-4-33  Lived 

20  M.L.D.  Lived 

165 

0.5  cc. 

8-4-33  Lived 

20  M.L.D.  Lived 

163 

0.5  cc. 

8-4-33  Lived 

100  M.L.D.  Lived 

160 

0.5  cc. 

8-4-33  Lived 

100  M.L.D.  Lived 

300  M.L.D. 

Lived 

Immunity  Test — Unmodified   Diphtheria   Toxoid   No.   872145 

Guinea 

Amount 

Date 

Toxin  Inj. 

Toxin  Inj. 

Pig.  No. 

Injected 

Inj.  Result 

9-11-33    Result 

9-22-33 

Result 

164 

0.5  cc. 

8-4-33  Lived 

5  M.L.D.  Lived 

500  M.L.D. 

Lived 

161 

0.5  cc. 

8-4-33  Lived 

5  M.L.D.  Lived 

168 

0.5  cc. 

8-4-33  Lived 

20  M.L.D.  Lived 

171 

0.5  cc. 

8-4-33  Lived 

20  M.L.D.  Lived 

174 

0.5  cc. 

8-4-33  Lived 

20  M.L.D.  Lived 

169 

0.5  cc. 

8-4-33  Lived 

100  M.L.D.  Lived 

172 

0.5  cc. 

8-4-33  Lived 

100  M.L.D.  Lived 

170 


0.5  cc.       8-4-33  Lived       100  M.L.D.  Lived       300  M.L.D.       Lived 


Table  I  shows  the  result  of  this  test.  The  doses  of  toxin  given 
subsequent  to  the  toxoid  were  not  sufficient  to  kill  any  of  the  test  ani- 
mals, not  even  those  receiving  the  unadsorbed  toxoid  although  previous 
experience  has  shown  that  100  M.L.D.  of  toxin  should  have  killed  all 
of  these  pigs.  The  only  explanation  for  this  fact  is  that  the  toxoid,  as 
such,  was  better  than  had  been  expected.  The  subsequent  injection  of 
three  hundred,  then  five  hundred  M.L.D.  of  toxin  did  not  kill  any  of  the 
test  animals,  showing  a  great  deal  of  immunity  was  being  developed. 
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The  method  of  determining  the  degree  of  immunity  developed  by 
toxoid  has  now  been  modified.3 

Instead  of  injecting  increasing  doses  of  toxin  to  find  the  degree 
of  immunity  developed  in  the  animals,  the  guinea  pigs  are  now  bled 
three  and  four  weeks  after  giving  the  toxoid  and  pooled  samples  of 
the  blood  serum  are  then  tested  for  the  actual  number  of  antitoxic  units 
produced. 

Table  II  gives  the  results  of  an  experiment  using  this  modified 
method  where  diphtheria  toxin  was  adsorbed  on  calcia  and  silica  gels  in 
comparison  with  unadsorbed  toxoid.  The  toxoid  was  adsorbed  by  the 
calcia  gels  by  two  different  methods.  First  (Number  I),  the  prepared 
calcia  gel  was  added  to  the  toxoid  as  described;  second  (Number  II), 
the  gel  was  produced  in  direct  contact  with  the  toxoid  as  follows:  the 
required  amounts  of  the  reagents,  calcium  chloride  and  dibasic  sodium 
phosphate,  were  dissolved  separately  in  the  proper  volumes  of  toxoid 
and  then  these  two  solutions  combined.  In  this  manner  the  gel  was 
formed  in  direct  contact  with  the  toxoid.  The  results  of  this  experi- 
ment as  shown  by  rabbit  skin  test  are  as  follows: 

Table  II 


Serum  samples 

Serum  samples 

taken  three 

taken  four 

Units 

weeks  after 

weeks  after 

injection 

injection 

Control 

Standard  Antitoxin  + 

1 

— + 

— + 

Standard  Toxin 

0.5 

+  +  + 

Not  tested 

1.0 

+  +  +  +  Indurated 

Not  tested 

Unmodified 

2.0 

+  +  +  +  Necrotic 

+  +  +  +  Necrotic 

Toxoid  0.5  cc. 

4.0 

+  +  +  +  Necrotic 

+  +  +  +  Necrotic 

6.0 

+  +  -T+  Necrotic 

0.5 

+  +  +  +  Necrotic 

Calcia  Gel. 

1.0 

+  +  +  +  Necrotic 

Number  I,  0.5  cc. 

2.0 

+  +  +  +  Necrotic 

Sample  not 

4.0 

+  +  +  +  Necrotic 

obtained 

6.0 

0.5 

-f+ 

Calcia  Gel. 

1.0 

+  +  + 

Number  II,  0.5  cc. 

2.0 

+  +  +  +  Indurated 

+  +  + 

4.0 

+  +  +  +  Necrotic 

+  +  +  +  Indurated 

6.0 

+  +  +  +  Indurated 

0.5 

+  +  +  + 

1.0 

+  +  +  +  Necrotic 

Silica  Gel. 

2.0 

+  +  +  +  Necrotic 

+  +  +  +  Necrotic 

Number  III,  0.5  cc. 

4.0 

+  +  +  +  Necrotic 

+  +  +  +  Necrotic 

6.0 

+  +  +  +  Necrotic 

3  By    National    Institute   of   Health,    Washington. 
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The  actual  degree  of  immunity  (antitoxic  units)  developed  from 
injecting  guinea  pigs  with  one-half  cubic  centimeter  amounts  of  these 
adsorbed  toxoids  as  compared  with  that  resulting  from  the  use  of  the 
same  toxoid  unmodified  and  used  in  the  same  amount,  is  indicated  in 
the  table  by  the  use  of  the  +  sign.  The  control  consists  of  standard 
toxin  and  antitoxin  in  such  proportion  as  to  give  practically  a  neutral 
mixture  and  give  a  —  +  reaction.  This  reaction  denotes  the  presence 
of  one  unit  of  antitoxin.  Three  weeks  after  injection  of  the  adsorbed 
and  unadsorbed  toxoids  and  again  after  four  weeks  the  guinea  pigs  were 
bled  and  the  resulting  serum  tested  for  the  presence  of  antitoxin  in  the 
above  manner. 

Discussion 

While  none  of  the  adsorbed  preparations  or  the  unadsorbed  toxoid 
produced  as  much  as  one-half  unit  of  antitoxin,  still  it  is  clearly  demon- 
strated that  the  calcia  gel  number  II  was  superior  to  the  other  two 
gel  preparations  and  to  the  unadsorbed  toxoid.  The  number  II  calcia 
gel  also  shows  an  increased  amount  of  antitoxin  from  the  third  to  the 
fourth  week  while  the  others  show  no  increase.  The  terms  "indurated" 
and  "necrotic"  are  indications  of  decreasing  amounts  of  antitoxin. 

The  colloidal  preparations  used  in  these  experiments  were  pro- 
duced in  the  chemical  laboratories  at  Purdue  University,  and  the  adsorp- 
tion and  animal  tests  were  made  at  the  Biological  Laboratories  of  Eli 
Lilly  and  Company,  at  Greenfield,  Indiana.  This  is  a  preliminary  report 
on  this  work,  and  no  claim  is  made  for  extreme  accuracy  or  for  any 
conclusive  results.  The  nature  of  diphtheria  toxin  and  toxoid,  and 
especially  the  difficulty  of  making  extremely  accurate  quantitive  deter- 
minations upon  its  toxicity  and  antigenic  properties,  without  the  use  of 
large  numbers  of  animals,  always  imposes  a  considerable  source  of 
error.  Caution  is  therefore  always  necessary  in  the  interpretation  of 
results.  It  is  hoped  that  the  investigations  may  be  continued  with 
different  gels,  as  to  degree  of  adsorption,  rate  of  release  in  the  living 
animal,  and  effect  upon  the  development  of  immunity  in  animals. 
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THE  ACTION  OF  SODIUM  FORMALDEHYDE   SUL- 

PHOXYLATE  IN  EXPERIMENTAL  PNEUMO- 

COCCUS INFECTION 


H.  M.  Powell  and  W.  A.  Jamieson,  Lilly  Research  Laboratories, 

Indianapolis 

Introduction 

Sodium  formaldehyde  sulphoxylate,  recently  reported  upon  by 
Rosenthal  (1)  for  use  in  mercurial  poisoning,  has  subsequently  been 
studied  by  the  same  author  (2)  as  a  chemotherapeutic  agent  in  experi- 
mental pneumococcus  infection. 

This  chemical  is  a  powerful  reducing  agent,  and  on  injection  confers 
this  property  on  the  body  fluids.  The  toxicity  is  quite  low  and  large 
subcutaneous  or  intravenous  doses  can  be  administered  with  impunity. 
Its  use  in  bichloride  poisoning  rests  on  a  good  theoretical  basis  and  the 
practical  results  thus  far  lend  encouragement  to  its  further  anti-mercurial 
use. 

In  his  infection  experiments,  Rosenthal  used  pneumococci  of 
moderate  virulence  and  mice.  Sulphoxylate  was  administered  either 
coincident  with  or  three  or  eight  hours  subsequent  to  the  injection  of 
pneumococci.  Briefly  his  results  showed  that  when  administered  early 
in  infections  with  moderately  virulent  pneumococci,  sulphoxylate  had 
considerable  therapeutic  action.  When  the  use  of  the  drug  was  delayed 
until  three  or  eight  hours  after  infection,  this  action  became  less  strik- 
ing. Also,  when  pneumococci  of  high  virulence  (i.e.,  cultures  main- 
tained by  mouse  passage)  are  used,  the  curative  action  of  sulphoxylate 
was  stated  to  be  much  less  than  that  observed  with  pneumococci  of 
moderate  virulence.  As  contrasted  to  the  chemotherapeutic  effectiveness 
as  described,  Rosenthal  showed  that  sulphoxylate  has  no  invitro  antipneu- 
mococcal  effect. 

It  appeared  of  interest  to  subject  sodium  formaldehyde  sulphoxy- 
late to  further  chemotherapeutic  tests  utilizing  experimental  infection 
of  rabbits  with  pneumococci  (3)  and  delay  the  beginning  of  treatment 
until  sixteen  to  twenty-four  hours  after  infection.  It  is  difficult  to 
imagine  pneumonia  treatment  being  instituted  quite  this  early  in  the 
course  of  the  disease  and  burden  of  proof  as  to  effectiveness  of  the  drug 
should  at  least  be  approximately  that  exhibited  by  antipneumococcus 
serum   (4). 

Experimental 

Rosenthal  showed  that  as  much  as  2  or  2.5  grams  of  sulphoxylate 
(in  the  form  of  10  per  cent  solution)  per  kilogram  of  body  weight 
could  be  well  tolerated  by  mice.  In  a  preliminary  way  we  treated  three 
normal  rabbits  with  0.5,  1.0,  and  2.0  grams  sulphoxylate  per  kilogram, 
intravenously,  and  all  three  of  these  lived.  In  view  of  these  results  the 
rabbit  therapeutic  dose  decided  upon  unless  otherwise  stated  was  1.0 
gram  per  kilogram  of  body  weight,  and  treatments  were  administered 
daily  up  to  three  days  provided  the  animals  survived  that  long. 

The  type   of  experimental  pneumococcus   infection  which  we  used 
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has  been  described  heretofore.4  Briefly  an  injection  of  0.001  cubic  centi- 
meter of  virulent  mouse-passaged  pneumococcus  culture  intradermally 
into  rabbits  results  in  an  early  local  edematous  lesion,  positive  blood 
culture,  high  temperature  plateau,  progressive  loss  of  weight,  and  gen- 
erally death  in  two  to  six  days.  In  our  experience  we  have  been  able 
to  cure  a  large  proportion  of  such  infected  rabbits  with  antipneumococ- 
cus  serum,  provided  this  is  given  within  twenty-four  hours  after  the 
pneumococci  are  injected.  While  antipneumococcus  serum  is  not  uni- 
formly successful  in  such  experiments,  we  know  of  no  other  therapeutic 
agent  closely  approaching  it  in  effectiveness,  hence  sulphoxylate  if 
effective  would  be  of  much  interest. 

In  the  first  experiment  as  shown  in  Table  1,  rabbits,  following 
normal  weight  and  temperature  readings,  were  infected  intradermally 
with  0.001  cubic  centimeter  of  pneumococcus  Type  II  culture  heretofore 
described.4  Subsequent  events  proved  this  particular  infection  to  be  less 
uniformly  fatal  than  is  usual;  however,  this  placed  less  burden  upon  the 
sulphoxylate  treatment  in  this  case.  Eighteen  hours  subsequent  to  infec- 
tion, weight,  temperature,  and  blood  culture  of  these  rabbits  were  taken, 
and  six  were  treated  intravenously  with  sulphoxylate  while  the  remain- 
ing  six   served  as  controls.      Four   of  the   six  treated  rabbits   received 

1  gram  sulphoxylate  per  kilogram  of  body  weight,  while  two  received 

2  grams  sulphoxylate  per  kilogram  of  body  weight.  These  two  latter 
rabbits  died  in  the  course  of  an  hour  and  therefore  this  larger  dose  was 
not  repeated  in  further  animals.  The  four  rabbits  on  treatment  with  1 
gram  sulphoxylate  per  kilogram  of  body  weight  each  received  a  full 
series  of  three  daily  treatments.  Two  of  these  died  on  the  fourth  day, 
while  two  recovered  between  the  fourth  and  sixth  days  and  were  entirely 
normal  up  to  the  eighteenth  day,  which  was  as  long  as  they  were  ob- 
served. The  total  mortality  in  this  treated  group  therefore  was  66  per 
cent,  as  judged  by  all  deaths,  and  50  per  cent  as  judged  by  deaths 
among  rabbits  treated  with  1  gram  of  sulphoxylate  per  kilogram. 

In  the  six  infected  but  untreated  control  rabbits  in  this  first  experi- 
ment, two  died  on  the  fifth  day,  a  third  died  on  the  eighth  day,  and  a 
fourth,  following  a  stormy  temperature  course  and  presenting  five  posi- 
tive blood  cultures  out  of  six  tests,  died  on  the  twelfth  day.  A  fifth 
rabbit,  which  during  the  early  part  of  the  disease  showed  temperatures 
as  high  as  105.4°  F.,  but  no  positive  blood  cultures  during  this  time, 
appeared  to  be  recovered  by  the  eighth  day.  On  the  tenth  day,  however, 
a  positive  blood  culture  was  obtained  with  a  temperature  of  103.4°.  The 
temperature  again  subsided  and  on  the  eighteenth  day  the  animal  ap- 
peared normal.  On  the  twenty-second  day,  however,  this  rabbit  died, 
and  unfortunately  no  autopsy  or  cultures  were  obtained. 

In  the  past  we  have  observed  two  sudden  deaths  in  old  apparently 
recovered  pneumococcal  rabbits,  the  cause  of  death  as  determined  at 
autopsy  being  due  to  pulmonary  embolism  caused  by  huge  endocardial 
vegetations.  Curiously,  one  of  these  animals  had  shown  sporadic  positive 
blood  cultures  coincident  with  rather  large  amounts  of  pneumococcus 
antibody,  and  it  is  believed  that  infrequently  a  subacute  pneumococcal 
endocarditis  may  appear  following  the  acute  stages  of  such  infections, 
and  embolic  rather  than  septicemic  deaths  surely  follow.  Whether  the 
death  of  the  fifth  rabbit  in  this  control  group  of  six  animals  was  brought 
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about  in  this  way  is  not  known.  If  this  death  is  not  counted,  the 
mortality  in  the  control  group  was  66  per  cent,  and  quite  similar  to 
that  in  the  sulphoxylate-treated  group.  If  the  fifth  death  is  counted 
as  pneumococcal,  the  control  mortality  was  83  per  cent,  thus  exceeding 
the   mortality  of  the   treated   group   somewhat. 

In  this  experiment  dealing  with  an  infection  certainly  of  less  than 
100  per  cent  mortality,  the  "1  gram  per  kilo"  sulphoxylate  treatment 
started  eighteen  hours  after  the  injection  of  pneumococci  appears  to 
have  questionable  merit.  The  "2  grams  per  kilo"  sulphoxylate  treatment 
appears  too  severe  to  use. 

At  this  point  one  might  conclude  that  sulphoxylate  would  merit 
further  experimentation,  and  this  was  promptly  done  as  follows. 

In  the  second  experiment  as  shown  in  Table  2,  eight  rabbits,  fol- 
lowing normal  weight  and  temperature  readings,  were  infected  with 
0.001  cubic  centimeter  of  pneumococcus  Type  II  culture.  Eighteen  hours 
subsequently,  four  of  these  infected  rabbits  were  treated  with  1  gram 
sodium  formaldehyde  sulphoxylate  intravenously  per  kilo  of  body  weight 
following  routine  temperature  and  weight  readings  and  preparation  of 
blood  cultures.  On  the  next  day,  one  rabbit  had  died  and  examination 
and  sulphoxylate  treatment  were  repeated  on  the  remaining  three.  Dur- 
ing the  day  all  three  of  these  treated  rabbits  died. 

Of  the  four  infected  but  untreated  control  rabbits  in  this  second 
experiment,  one  died  on  the  third  day  and  three  died  on  the  fourth 
day.  All  four  showed  temperatures  up  to  106°  F.  and  two  or  more 
positive  blood  cultures. 

This  infection  in  the  second  experiment  was  100  per  cent  fatal  as 
judged  by  four  controls,  and  sulphoxylate  treatment  appears  not  only  to 
have  been  ineffective  but  perhaps  to  have  hastened  the  death  of  the 
treated  rabbits.  Since  only  eight  rabbits  were  used  in  the  second  ex- 
periment, it  appeared  desirable  to  add  to  this  number  in  order  that  the 
results  might  be  more  reliable.  Therefore  an  additional  experiment 
was  done  as  follows. 

In  this  third  experiment  as  shown  in  Table  3,  five  rabbits,  follow- 
ing the  routine  preliminary  examination,  were  injected  intradermally 
with  0.001  cubic  centimeter  virulent  Type  II  pneumococcus  culture.  On 
the  next  day,  eighteen  hours  subsequent  to  infection,  and  following 
the  routine  examination,  three  rabbits  were  treated  with  1  gram  sulph- 
oxylate per  kilogram  of  body  weight.  Sulphoxylate  in  this  experiment 
was  administered  subcutaneously  instead  of  intravenously.  On  the  second 
day  one  of  these  three  rabbits  had  died,  and  the  other  two  were  again 
given  the  routine  examination  and  a  second  sulphoxylate  treatment. 
Later  in  the  second  day  these  two  rabbits  died.  All  three  treated  rab- 
bits had  exhibited  temperature  up  to  105°  F.  and  one  or  more  positive 
blood  cultures. 

Two  infected  but  untreated  control  rabbits  in  this  third  experiment, 
after  exhibiting  temperatures  up  to  105.6°  F.  and  one  or  more  positive 
blood  cultures,  died  on  the  second  and  fourth  day  respectively.  This 
third  experiment  is  similar  to  the  second  in  degree  of  virulence  of  the 
infection.  Since  both  treated  and  untreated  rabbits  died,  and  the 
former  on  the  average  sooner  than  the  latter,  the  use  of  sodium  formal- 
dehyde sulphoxylate  does  not  appear  promising. 
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Discussion 

We  have  tested  sulphoxylate  as  a  chemotherapeutic  agent  in  rabbit 
pneumococcus  infection  and  have  probably  subjected  the  chemical  to 
more  severe  test  than  did  Rosenthal.  We  used  pneumococci  regularly 
subjected  to  animal  passage,  and  of  high  virulence.  Although  Rosenthal 
used  "virulent  culture"  in  his  detailed  experiments,  it  appears  such 
culture  was  not  passaged,  and  this  author  stated  in  a  footnote  that  when 
highly  virulent  passaged  pneumococci  were  used  in  experimental  infec- 
tions the  therapeutic  action  of  sulphoxylate  was  not  so  pronounced.  In 
addition  to  our  use  of  highly  virulent  culture,  we  began  sulphoxylate 
treatment  at  a  time  in  the  disease  during  which  antipneumococcus  serum 
has  been  shown  to  be  effective,  i.e.,  eighteen  hours  after  infection, 
whereas  Rosenthal  started  sulphoxylate  treatment  either  at  the  same 
time  as  the  infection  was  administered  or  three  hours  or  eight  hours 
subsequently. 

It  is  well  known  that  while  experimental  pneumococcus  infection 
in  mice  or  rabbits  is  rather  easy  to  prevent,  it  is  difficult  to  cure,  and 
with  each  succeeding  hour  of  time  elapsing  between  infection  and  at- 
tempted curative  treatment  this  difficulty  becomes  greater.  Active  im- 
munity against  the  pneumococcus  begins  to  appear  in  four  or  five  days 
following  injection  of  vaccine,  hence  successful  prophylactic  vaccine  must 
be  administered  at  least  this  long  before  infection  is  attempted.  Real 
therapeutic  action  should  preferably  be  attempted  sometime  following 
infection,  and  the  later  such  therapeutic  agent  is  found  useful,  the  more 
promise  it  would  hold. 

Our  main  purpose  in  these  experiments,  therefore,  was  to  find 
whether  sulphoxylate  was  as  good  as  or  better  than  immune  serum  in 
virulent  pneumococcus  infections  in  which  a  doubly  severe  test  of  curative 
action  is  placed  on  the  therapeutic  agent. 

It  appears  from  our  results  that  sulphoxylate  is  not  of  marked  use- 
fulness in  pneumococcic  infection. 

Conclusions 

1.  Sodium  formaldehyde  sulphoxylate  has  been  subjected  in  rather 
severe  tests  to  chemotherapeutic  trial  in  virulent  pneumococcus 
infections  in  rabbits. 

2.  Sulphoxylate  doses  used  were  mainly  intravenous  and  mainly 
1  gram  per  kilogram  of  body  weight.  A  series  of  three  daily 
doses  was  administered  to  all  treated  rabbits  surviving  long 
enough  for  this. 

3.  Sulphoxylate  did  not  appear  definitely  to  help  in  pneumococcus 
rabbit  infection. 

Note:  Our  thanks  are  due  Mr.  James  Moss  for  his  collaboration 
in  the  experiments  herein  reported. 
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PURIFICATION  OF  SUSPENSIONS  OF  THE  VIRUS  OF 
VACCINIA  BY  MEANS  OF  CARBON  DIOXIDE1 


C.  A.  Behrens  and  F.  A.  Nielsen,  Purdue  University 

Introduction 

The  vaccine  used  to  protect  against  smallpox,  though  very  efficient, 
contains  not  only  the  virus  of  vaccinia  but  also  a  great  deal  of  foreign 
matter. 

The  purpose  of  this  work  was  to  remove  as  much  of  this  extraneous 
material  and  obtain  the  virus  in  as  pure  a  form  as  possible.  In  order 
to  accomplish  this  we  contemplated  precipitating  the  tissue  at  its  iso- 
electric point,  and  thus  we  hoped  to  procure  clear  virulent  suspensions  of 
the  virus. 

Preliminary  experiments  revealed  the  fact  that  inorganic  acids  such 
as  sulphuric  or  hydrochloric  could  not  be  used  to  obtain  the  proper  hydro- 
gen-ion concentration  necessary  to  bring  the  tissue  to  its  iso-electric 
point,  because  of  their  harmful  effect  on  the  virus.  Organic  acids  such 
as  acetic,  carbonic,  citric,  lactic,  succinic,  and  tartaric  when  used  in  such 
small  amounts  as  are  required  to  obtain  the  iso-electric  point  of  the  tissue 
were  practically  harmless  in  their  effect  upon  the  virus.  Since  carbonic 
acid  is  the  weakest  of  these  organic  acids,  it  was  hoped  that  the  desired 
results  could  be  obtained  by  bubbling  carbon  dioxide  gas  through  tissue 
emulsions  until  the  proper  hydrogen-ion  concentration  was  reached  by  the 
formation  of  carbonic  acid. 

Another  seeming  advantage  of  using  carbonic  acid  as  a  precipitat- 
ing agent  was  the  fact  that  it  may  be  easily  displaced,  and  consequently 
its  action  stopped,  by  bubbling  an  inert  gas  through  the  suspension. 

Historical 

Many  attempts  in  the  past  to  separate  the  virus  of  vaccinia  from 
the  extraneous  material  have  met  with  varying  success.  Among  these 
are  the  cataphoresis  experiments  carried  out  by  Douglas  and  Smith,  and 
Lepine.  Ward  and  Tang,  Ward,  and  Yaoi  and  Kasai  filtered  the  virus. 
Bland  filtered  and  centrifuged  it,  Tang  centrifuged  it,  and  Yaoi  and 
Kasai  carried  out  diffusion  and  adsorption  experiments  on  it. 

Behrens  and  Morgan  have  previously  obtained  water  clear  prepara- 
tions "free  from  tissue  cells  and  extraneous  matter,  giving  only  a 
slight  biuret  reaction  and  carrying  a  high  percentage  of  the  virus."  Two 
methods  were  used  in  obtaining  these  water  clear  preparations:  one  in 
which  aluminum  gel  (Brewer-Kraybill)  was  used  as  the  precipitating 
agent,  and  the  other  in  which  the  iso-electric  point  of  the  tissue  was 
brought  about.  The  "Aluminum  Gel  Method"  requires  the  use  of  an 
agent  of  varying  concentration  and  composition;  also  it  seems  applicable 
only  to  the  purification  of  dilute  vaccines.  For  these  reasons  its  value 
commercially  is  questionable. 

1  This    research    was    made    possible    by    the    Purdue    Research    Foundation    through    a 
fellowship   sponsored  by  the  Eli   Lilly  &    Company,   Indianapolis,    Indiana. 
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We  felt  that  the  "Iso-electric  Point  Method"  could  be  developed  to  a 
greater  degree,  and  this  paper  is  devoted  to  that  process. 

Materials 

Dermovirus. — The  virus  used  in  this  work  was  prepared  from  the 
pulp  obtained  from  a  calf  inoculated  with  a  mixture  of  calf  and  rabbit 
dermovirus. 

Carbon  dioxide. — A  tank  of  the  compressed  gas  used  as  a  source 
of  the  carbon  dioxide. 

Distilled  water. — Single-distilled  water,  ranging  from  pH  5.5  to  pH 
5.8,  was  used. 

Preparation  of  the  Virus  for  Experiments 

The  pulp  was  weighed  and  placed  in  a  mortar,  or  a  large  pyrex 
test  tube,  and  ground  with  pyrex  ground-glass,  which  had  been  passed 
through  a  number  80  sieve,  until  the  tissue  was  completely  disintegrated. 
Distilled  water  of  a  sufficient  quantity  was  added  slowly  to  the  required 
concentration  of  the  emulsion.     A  fine,  homogeneous  emulsion  resulted. 

Theoretical  Considerations  in  Purification 

The  virus  of  vaccinia  resembles  colloidal  particles  in  the  nature  of 
its  behavior  to  certain  chemicals.  Douglas  and  Smith,  working  on  the 
electrical  charge  of  the  virus  of  vaccinia,  have  pointed  out  that  the  virus 
carries  a  negative  charge  at  pH  5.5  to  pH  8.4  .  Yaoi  and  Kasai,  working 
on  the  adsorption  of  the  virus  of  vaccinia  on  kaolin,  show  that  the  virus 
has  a  negative  charge  at  pH  4.7  and  can  exist  in  the  presence  of  kaolin 
at  this  low  pH  for  at  least  30  minutes.  In  our  work  we  have  recovered 
virus  from  the  supernatant  liquid  of  an  emulsion  treated  with  acid  in 
which  the  pH  went  as  low  as  4.4. 

We  found  that  the  iso-electric  point  of  the  tissue  emulsion  was  pH 
4.8.  The  iso-electric  point  of  the  virus  has  not  been  determined,  since 
it  shows  signs  of  inactivation  when  remaining  at  lower  pH  values  than 
5.5  for  any  length  of  time  (Douglas  and  Smith).  We  have  demon- 
strated, by  typical  reactions  on  rabbits,  the  presence  of  the  virus  in 
solutions  having  had  lower  pH  values  than  4.8;  but  the  solutions  were 
not  allowed  to  remain  at  these  low  pH  values  for  any  length  of  time 
for  they  were  neutralized  before  injecting.  Therefore,  it  would  seem 
possible  to  free  the  virus  from  the  tissue  by  bubbling  carbon  dioxide 
through  the  tissue  emulsion  until  pH  4.8  was  reached.  To  preserve  the 
virulence  of  the  virus,  after  centrifugating  out  the  clumped  tissue,  the 
carbonic  acid  may  be  displaced  by  nitrogen  or  neutralized  with  sodium 
carbonate. 

Experiments  in  Purification 

The  vaccinal  activity  of  the  purified  virus  suspension  was  tested  by 
intradermal  inoculations  of  0.2  cc.  of  various  dilutions  into  normal  rab- 
bits. The  percentage  of  the  virus  in  the  purified  vaccine  was  deter- 
mined by  its  titre.  The  strength  of  the  reactions  and  the  number  of 
days  after  inoculation  required  for  the  reactions  to  appear  were  used  as 
an  index  to  the  virulence  of  the  virus.     The  reactions  produced  by  the 
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original  emulsion  were  the  standards  for  comparison.    Both  the  emulsion 
and  the  purified  vaccine  were  injected  into  the  same  rabbit. 

Preliminary  Experiments 

Experiment  1 :     Carbon  dioxide  as  a  purifying  agent. 

This  experiment  was  carried  out  to  determine  the  possibility  of 
using  carbon  dioxide  as  a  purifying  agent. 

A  one  per  cent  emulsion  was  prepared  and  placed  in  an  ice  bath. 
Carbon  dioxide  was  passed  through  a  capillary  tube  into  the  emulsion 
and  the  bubbling  allowed  to  proceed  at  a  slow  rate  for  20  minutes. 
Clumping  of  the  emulsion  particles  was  then  noticeable.  The  clumped 
emulsion  (or  mixture,  as  we  shall  identify  it  hereafter)  was  centrifuged 
for  10  minutes  at  high  speed,  and  the  supernatant  fluid  was  neutralized 
by  passing  nitrogen  through  it  for  one  hour.  A  transparent  preparation 
resulted  which  gave  a  negative  biuret  test.  Various  dilutions  of  this 
preparation  were  made  up,  and  0.2  cc.  of  each  dilution  was  injected  intra- 
dermally  into  a  normal  rabbit.  The  results  of  the  inoculations  with 
dilutions  from  the  original  emulsion  and  the  purified  preparation  are 
shown  in  Table  1. 

From  the  results  of  this  experiment  we  conclude  that  it  was  pos- 
sible to  separate  the  virus  from  the  tissue.  The  long  exposure  of  the 
virus  to  the  acid  decreased  its  virulence;  no  strong  reactions  were  noted. 

Table  1.     The  Effect  of  Bubbling  Carbon  Dioxide  through  the  dermo 
Emulsion  for  20  Minutes  at  0°  C. 


Rabbit 
number 

Prepared 
virus 

Reaction  with  various  Dilutions* 

5 

10 

15 

20 

25 

30 

35 

40 

"Days" 

1 

Original  emulsion 

+ 

+  + 

+ 
+  + 

+ 

+  + 

+ 
+  + 

+ 

1    i 

+ 

+  + 

+ 

+  + 

+ 

5 

7 

1 

Purified 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

— 

— 

7 
11 

2 

Original  emulsion 

+ 

+  + 

+ 

+  + 

+ 
+  + 

+ 

+ 
+  + 

+ 

+  + 

+ 
+  + 

+ 
+ 

5 

7 

2 

Purified 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 

7 
11 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

+  lndicates  reddening  of  the  skin. 

+  +  lndicates  a  strong  reaction. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days' after  injection. 

Since  it  is  not  necessary  to  bring  the  pH  of  the  emulsion  below  the 
iso-electric  point  of  the  tissue  to  obtain  clarification,  the  following  experi- 
ments were  conducted  in  search  of  a  method  to  control  the  pH. 

Experiment  2:     The  pH  of  carbonic  acid  solutions. 

The  object  of  this  experiment  was  to  determine  the  pH  obtained 
by  bubbling  carbon  dioxide  through  distilled  water,  physiological  solu- 
tion of  sodium  chloride,  and  physiological  solution  of  sodium  chloride 
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adjusted  to  pH  7.4  with  sodium  carbonate.  The  time  required  to  reach 
that  pH  was  an  additional  element  in  this  problem. 

Each  solution  was  placed  in  an  ice  bath,  and  carbon  dioxide  was 
passed  through  a  bubbling  tube'  into  each  at  a  constant  slow  rate. 
Samples  were  removed  at  the  end  of  one,  two,  four,  eight,  and  16 
minutes,  and  their  pH  determined  colorimetrically. 

From  the  results  of  this  experiment  (Table  2)  we  found  it  was 
possible  to  obtain  a  solution  of  carbonic  acid  in  distilled  water,  which 
had  a  pH  value  of  3.7  at  0°C.  Less  carbonic  acid  remained  in  solution 
in  the  physiological  solutions  of  sodium  chloride.  This  was  probably 
due  to  the  "salting  out"  effect  of  the  sodium  chloride.  In  the  adjusted 
salt  solution  a  carbonate  buffer  system  was  probably  formed. 

The  pH  values  of  all  of  these  solutions  were  much  too  low  when 
complete  saturation  with  carbonic  acid  was  attained.  The  addition  of 
tissue  material  to  these  solutions  may  change  the  amounts  of  carbonic 
acid  held  in  solution.     This  problem  is  dealt  with  in  Experiment  3. 

Experiment  3:  The  pH  of  carbonic  acid  solutions  in  one  per 
cent  dermo  emulsions. 

The  object  of  this  experiment  was  to  determine  the  pH  of  carbonic 
acid  solutions  in  emulsions  made  up  in  the  three  solutions  tested  in 
Experiment  2.  The  required  time  for  noticeable  clumping  of  the  tissue 
and  clarification  of  the  supernatant  fluid  were  also  noted. 

A  one  per  cent  emulsion  was  made  in  each  of  the  three  solutions. 
They  were  placed  in  an  ice  bath  and  carbon  dioxide  was  passed  through 
a  bubbling  tube  into  them.  At  the  end  of  one,  two,  four,  eight,  16  and 
32  minutes  samples  were  removed,  centrifuged,  and  their  pH  value 
determined  colorimetrically. 

In  this  experiment,  also,  the  pH  values  (Table  3)  obtained  in  the 
saturated  solutions  of  carbonic  acid  were  much  lower  than  the  iso- 
electric point  of  the  tissue.  The  rate  of  bubbling  was  a  big  factor  in  the 
time  required  to  obtain  saturation,  and  it  could  not  be  controlled  to  a 
satisfactory  degree  without  special  apparatus.  Also,  the  pH  dropped 
rapidly  below  the  iso-electric  point  of  the  tissue.  Therefore,  the  desired 
pH  would  be  difficult  to  obtain  by  checking  the  flow  of  carbon  dioxide 
through  the  solution  at  a  certain  time.  The  fact  that  gases  are  less 
soluble  at  higher  temperatures  gave  us  a  possible  method  of  controlling 
the  pH  of  the  saturated  solutions  of  carbonic  acid.  With  these  points 
in  view  the  next  experiment  was  carried  out.  Distilled  water  was 
chosen  for  the  suspending  medium  because  saturation  and  clarification 
were  obtained  in  a  much  shorter  time  than  with  the  emulsions  made  up 
in  salt  solutions. 

Experiment  U:  The  pH  of  carbonic  acid  solutions  in  one  per  cent 
dermo  emulsion  at  15°,  20°,  and  25°  C. 

A  one  per  cent  emulsion  was  made  in  distilled  water  and  divided 
into  three  parts.     The  three  parts  were  placed,  respectively,  in  water 


2  A  satisfactory  bubbling  tube  may  be  prepared  by  sealing  a  spider  of  22  gauge 
iron  wire  in  .tbe  joint  of  two  straight  glass  tubes  of  the  same  diameter.  After  removing 
one  end  of  the  tube  (about  one-half  inch  from  the  joint)  the  tube  is  immersed  in  acid 
to  remove  the  wire.  The  end  of  the  tube  near  the  holes  may  be  sealed  or  it  may  be 
stoppered  with  a  cork  stopper  which  can  be  removed  to  facilitate  cleaning  of  the  tube. 
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Table  2.     Showing  pH  of  Carbonic  Acid  Solutions  at  Various  Intervals  of 
Time  During  Carbon  Dioxide  Bubbling  at  0°  C. 


Emulsifying  liquid 

^pH  of  solutions 

at  various  time 

0 
min. 

1 
min. 

2 
min. 

4 
min. 

8 
min. 

16 
min. 

Distilled  water 

5.6 

5.7 

7.4 

4.0 

4.4 

5.4 

3.8 
4.1 

5.0 

3.7 
4.0 

4.8 

3.7 
3.9 

4.6 

3  7 

Physiological  solution  of  so- 
dium chloride 

Physiological  solution  of  so- 
dium chloride  (neutralized 
with  sodium  carbonate) 

3.9 
4.5 

*pH  determined  colorimetrically. 

baths  having  temperatures  of  15°,  20°,  and  25  °C.  Carbon  dioxide  was 
passed  at  a  slow  rate  into  the  emulsions,  through  a  bubbling  tube,  and 
the  pH  values  were  determined  potentiometrically  at  regular  intervals 
during  the  bubbling.  At  the  end  of  five  minutes  clarification  was  com- 
plete in  all  three  samples. 

Table  3.  Showing  pH,  Clumping,  and  Supernatant  Fluid  Clearness  at  Various 
Intervals  of  Time  During  Carbon  Dioxide  Bubbling  Through  Dermo  Emulsion 

at0°C. 


*pH  of 

Supernatant 

Time  in 

supernatant  fluid 

Clumping 

fluid  clearness 

minutes 

No.  1 

No.  2 

\.».  :: 

No.    1 

No.    2 

No.    3 

No.  1 

No.  2 

No.  3 

0 

6.6 

6.6 

7.4 

1 

5.0 

5.2 

5.4 

+ 

— 

— 

turbid 

turbid 

turbid 

2 

4.6 

4.8 

5.0 

+ 

— 

— 

clear 

turbid 

turbid 

4 

4.4 

4.6 

4.8 

+ 

+ 

— 

clear 

turbid 

turbid 

8 

4.4 

4.5 

4.6 

+ 

+ 

+ 

clear 

clear 

turbid 

16 

4.4 

4.5 

4.6 

+ 

+ 

■   + 

clear 

clear 

clear 

32 

4.4 

4.5 

4.6 

+ 

+ 

+ 

clear 

clear 

clear 

No.  1  Emulsion  made  up  in  distilled  water. 

No.  2  Emulsion  made  up  in  physiological  solution  of  sodium  chloride. 

No.  3  Emulsion  made  up  in  neutralized  solution  of  sodium  chloride. 

*pH  determined  colorimetrically. 

-f-Indicates  visible  clumping  of  the  tissue. 

— Indicates  no  visible  clumping. 


The  results  show  that  the  pH  dropped  very  rapidly  to  pH  5.1,  which 
is  above  the  iso-electric  point  of  the  tissue.  It  continued  to  drop  at  a 
slower  rate  until  saturation  was  complete.  This  led  us  to  believe  that 
the  bubbling  of  carbon  dioxide  could  be  checked  after  a  certain  interval 
of  time  and  fairly  constant  pH  values  could  be  obtained.  At  15 °C.  the 
bubbling  time  required  to  reach  the  iso-electric  point  of  the  emulsion 
is  two  minutes;  at  20°C.  it  is  three  minutes,  and  at  25°C.  it  is  five 
minutes.     Upon  continued  bubbling  the  pH  does  not  go  below  4.65,  in 
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any  case.  It  was  not  considered  advisable  to  increase  the  temperature 
of  the  emulsion  above  25 °C.  because  higher  temperatures  may  have  a 
harmful  effect  on  the  virus. 

Table  4      Showing  pH   of   Dermo   Emulsion   at   Various   Intervals   of   Time 
During  Carbon  Dioxide  Bubbling  at  15°,  20°,  and  25°  C. 


Bubbling  time 

*pH  of  dermo  emulsion  at  various  temperatures 

Min. 

0 

Sec. 

15°  C. 

0.3 

5.4 

5.1 

4.95 

4.85 

4.75 

4.75 

4.7 

4.7 

4.7 

4.7 

4.65 

4.65 

4.66 

4.65 

4.65 

4.65 

4.65 

20°  C. 

6.3 

5.5 

5.25 

5.1 

4.95 

4.9 

4.8 

4.8 

4.75 

4.75 

4.75 

4.7 

4.65 

4.65 

4.65 

4.65 

4.65 

4.65 

25°  C. 
6.3 

0 

1 

30 

5.8 
5.5 

1 

2 

30 

5.2 
5.1 

2 
3 

30 

5.05 
4.95 

3 
4 

30 

4.9 
4.9 

4 
5 

30 

4.85 
4.8 

6 

4.75 

7 

4.7 

8 

4.7 

9 

4.7 

10 

4.7 

12 

4.7 

15 

4.7 

"pH  determined  potentiometrically. 


We  now  had  adequate  means  of  controlling  the  pH  of  the  emulsion 
while  carbon  dioxide  was  being  bubbled  through  it.  It  was  only  necessary 
to  bubble  slowly  enough  to  keep  foaming  at  a  minimum,  to  keep  the  tem- 
perature 20 °C.  and  25 °C,  and  to  stop  the  bubbling  at  the  end  of  four 
minutes.  At  these  temperatures,  and  after  a  four  minute  interval  of 
bubblingr  the  pH  is  very  near  the  iso-electric  point  of  the  tissue. 

The  time  required  to  displace  carbonic  acid  from  a  solution,  by 
bubbling  nitrogen  through  it,  was  determined  before  proceeding  with 
experimental  work  on  animals. 

Experiment  5:     Nitrogen  as  a  neutralizing  agent. 

The  purpose  of  this  experiment  was  to  determine  the  time  required 
to  displace  carbonic  acid  by  bubbling  nitrogen  through  the  supernatant 
fluid. 

A  one  per  cent  emulsion  was  made  in  each  of  the  three  solutions 
used  in  Experiment  3.  Carbon  dioxide  was  bubbled  through  the  emul- 
sions at  20° C.  for  four  minutes.  After  centrifuging,  nitrogen  was 
bubbled  through  the  supernatant  fluid.  Samples  were  removed  at  the 
end  of  one,  two,  four,  eight,  and  16  minutes  and  the  pH  determined 
colorimetrically. 

From  the  results,  found  in  Table  5,  it  is  apparent  that  16  minutes  is 
sufficient  time  to  bubble  nitrogen  through  any  of  the  three  solutions,  at 
room  temperature,  to  restore  the  pH  to  7.0. 
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Table  5.     Showing  pH  of  Carbonic  Acid  Solutions  at  Various  Intervals  of 
Time  During  Nitrogen  Bubbling. 


Emulsifying  liquid 

*pH  of  solutions  at  various  times 

Distilled  water 

Physiological  solution  of  sodium 
chloride 

Physiological  solution  of  sodium 
chloride  (neutralized  with 
sodium  carbonate) 

0 

min. 

4.7 

4.8 

4.8 

1 

min. 

4.9 
5.0 

5.1 

2 
min. 

5.1 

5.2 

5.2 

4 
min. 

5.5 

5.6 

5.5 

8 
min. 

6.5 

6.5 

6.6 

16 
min. 

7.0 

7.0 

7.1 

*pH  determined  colorinietrically. 

Experiments  With  Purified  Vaccine 

The  following  experiments  were  carried  out  to  determine  the  per- 
centage and  the  virulence  of  the  virus  in  the  purified  vaccine. 

One  Per  Cent  Dermo  Emulsion 

Experiment  6:  Purification  by  bubbling  carbon  dioxide  for  four 
minutes  at  room  temperature. 

A  one  per  cent  emulsion  was  made  in  distilled  water  and  carbon 
dioxide  was  passed  through  it  at  a  slow  rate  for  four  minutes.     The 

Table  6.     The  Effect  of  Bubbling  Carbon  Dioxide  Through  the  Dermo 
Enulsion  for  Four  Minutes. 


Rabbit 
number 

Prepared  virus 

Reactions  with  various  dilutions* 

"Days" 

5 

10 

15 

20 

25 

30 

35 

40 

3 
3 
4 
4 

Original 

emulsion 
Purified 

Original 

emulsion 
Purified 

+ 
+  + 

+ 

+ 

+ 
+  + 

+ 
+  + 

+ 
+  + 

+ 
+  + 

+ 
+  + 

+ 
+  + 

+ 

+  + 

+ 

+ 

+ 
+  + 

+ 

+ 

+ 

+ 

+  + 

+ 

+ 
+  + 

+ 

+ 

+  + 

+ 

+ 

+  + 

+ 

+ 

+  + 

+ 

+ 

+  + 

+ 
+  + 

+ 

+ 

+  + 

+ 

5 

7 

7 

11 

5 

7 
7 
7 

spH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  Colorinietrically.) 


Rabbit 
Number 

Emulsion 
pH 

Mixture 
pH 

Supernatant 
fluid 
pH 

Neutralized 

supernatant 

fluid:  pB 

Exposure 

to  low 

pH 

3 
4 

6.3 
6.3 

4.7 

4.8 

4.8 
4.9 

7.0 
7.0 

20  min. 
20  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

-j- -[-Indicates  a  strong  reaction. 

4-  Indicates  reddening  of  the  skin. 

—  Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 
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mixture  was  centrifuged  for  10  minutes  and  nitrogen  was  passed  through 
the  supernatant  fluid  for  16  minutes.  This  procedure  resulted  in  a 
transparent  preparation  having  a  pH  of  7.0. 

The  results  of  the  titre  are  found  in  Table  6. 

A  high  percentage  of  the  virus  was  present  in  the  purified  prepara- 
tion, but  it  did  not  have  the  virulence  to  produce  good  reactions  in 
seven  days,  as  did  the  original  emulsion.  The  reduced  virulence  must 
have  been  due  to  exposure  of  the  virus  to  the  acid  for  so  long  a  time. 

Experiment  7 :  Purification  by  bubbling  carbon  dioxide  at  a  rapid 
rate  for  one  minute. 

As  the  virus  was  exposed  to  pH  4.8  for  at  least  20  minutes  in 
Experiment  6,  an  attempt  was  made  to  reduce  this  time  to  a  minimum. 

Table  7.     The  Effect  of  Bubbling  Carbon  Dioxide  through  the 
Dermo  Emulsion  for  One  Minute. 


Reactions  with  various 

Rabbit 

Prepared  virus 

dilutions* 

number 

"Days" 

10 

20 

30 

40 

50 

75 

100 

5 

Original  emulsion 

++ 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

7 

5 

Purified 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

9 

6 

Original  emulsion 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

7 

6 

Purified 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

9 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  potentiometrically . ) 


Rabbit 
Number 

Emulsion 
pH 

Mixture 
pH 

Supernatant  fluid 
pH 

Exposure  to 
low  pH 

5 

6 

6.4 
6.4 

4.9 

4.8 

4.9 
4.9 

6  min. 
6  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution.) 

H — [-Indicates  a  strong  reaction. 

+ Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 


A  recently  harvested  sample  of  pulp  was  obtained  which  had  a 
high  emulsion  titre.  Emulsion  made  up  with  the  new  pulp  did  not 
foam  so  badly  as  those  made  up  from  old  pulp.  This  permitted  more 
rapid  bubbling. 

Carbon  dioxide  was  bubbled  through  the  emulsion  at  a  rapid  rate 
for  one  minute  and  the  mixture  was  centrifuged  for  five  minutes.  This 
procedure  resulted  in  a  transparent  preparation.  Dilutions  were  im- 
mediately made  in  adjusted  salt  solution. 
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The  results  of  this  experiment  (Table  7)  show  that  the  virulence 
of  the  virus  was  increased  by  this  procedure,  but  the  reactions  did  not 
appear  as  soon  as  those  from  the  emulsion. 

Experiment  8:  Purification  by  the  addition  of  a  carbonic  acid 
solution  to  a  20  per  cent  dermo  emulsion. 

In  Experiment  2  it  was  noted  that  at  0°C.  a  saturated  solution  of 
carbonic  acid  in  distilled  water  may  reach  pH  3.7.  From  Experiment 
4  it  became  apparent  that  a  temperature  change  affects  the  solubility 
of  the  carbon  dioxide.  So  it  seemed  possible  to  obtain  a  solution  of 
carbonic  acid  of  such  pH  that  when  it  was  added  to  a  concentrated  emul- 
sion the  resulting  pH  would  be  4.8. 

Distilled  water  was  saturated  with  carbonic  acid  at  20°  C.  and  found 
to  be  pH  4.2.  This  solution  was  then  added  to  a  20  per  cent  emulsion, 
the  combination  making  a  one  per  cent  emulsion.  Small  clumps  of  the 
tissue  appeared  at  once.  After  the  mixture  underwent  centrifugation 
for  five  minutes  it  was  clear.  The  mixture  pH  was  found  to  be  4.8.  The 
supernatant  liquid  was  immediately  diluted  in  adjusted  salt  solution. 

Table  8.     The  Effect  of  the  Addition  of  a  Carbonic  Acid  Solution  to  a 
20  per  cent  Dermo  Emulsion. 


Rabbit 
number 

Prepared  virus 

Reactions  with  various 
dilutions* 

"Days" 

10 

20 

30 

40 

50 

75 

100 

7 
7 
8 

Original  emulsion 

Purified 

Purified 

+  + 
+  + 

+ 

+ 

+ 

+  + 
+  + 

+ 

+ 

+ 
+  + 

+  + 
+  + 

+ 

+ 

+ 

+ 

+  + 
+  + 

+ 

+ 

+ 

+ 

+  + 

+  + 

+ 

+ 

+ 
+ 

+ 

+  + 
+ 
+ 

+ 

+ 
+  + 

+ 

+ 

5 
7 
7 

11 
7 

11 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  potentiometrically) . 


Rabbit 
number 

Emulsion 
pH 

Mixture 
pH 

Supernatant  fluid 
pH 

Exposure  to 
low  pH 

7 
8 

6.3 
6.3 

4.9 

4.8 

5.0 
4.9 

5  min. 
5  min. 

•The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

H — [-Indicates  a  strong  reaction. 

-(-Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 


The  results  (Table  8)  show  that  a  high  percentage  of  the  virus 
was  retained  in  suspension,  but  the  virulence  was  decreased. 

The  time  of  exposure  of  the  virus  to  the  low  pH  had  been  cut 
to  a  minimum,  so  we  turned  to  the  neutralization  of  the  virus  suspen- 
sion as  a  means  of  retaining  its  virulence. 
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Experiment  9 :  Neutralization  of  the  virus  suspension  with  sodium 
carbonate. 

Purified  vaccines  were  prepared  following  the  procedures  in  Ex- 
periments 7  and  8.  Tenth  normal  sodium  carbonate  was  added  to  each 
sample,  the  amount  having  been  previously  determined  by  potentio- 
metric  titration. 

The  results  (Table  9)  show  that  the  virulence  of  the  virus  was 
increased  by  this  procedure.  The  reactions  appeared  on  the  fourth  or 
fifth  day  and  were  comparable  to  those  produced  by  the  original  emul- 
sion. 

The  possibility  of  neutralizing  the  acid  in  the  mixture,  before  cen- 
trifugation,  presented  itself  as  a  means  of  shortening  the  time  the  virus 
was  exposed  to  the  action  of  the  acid. 

Experiment  10:     Neutralization  of  the  mixture. 

If  the  clumping  of  the  tissue  is  complete  when  the  pH  reaches  4.8, 
it  would  seem  possible  to  neutralize  the  acid,  and,  after  centrifugation, 
to  obtain  a  clear  preparation. 

An  emulsion  was  prepared  and  the  tissues  clumped  by  the  pro- 
cedures followed  in  Experiments  7  and  8.  A  sample  of  each  of  these 
mixtures  was  neutralized  by  the  addition  of  a  previously  determined 
amount  of  tenth  normal  sodium  carbonate  solution.  In  the  remaining 
samples  the  acid  was  displaced  by  bubbling  nitrogen  through  them  for 
16  minutes. 

The  results  of  the  experiment  are  shown  in  Table  10. 

The  results  of  Experiment  10  give  no  evidence  of  an  increase  in  the 
virulence  of  the  virus.  A  clear  vaccine  was  very  difficult  to  prepare 
by  this  method.  Often  the  result  was  a  translucent  preparation  which 
could  not  be  clarified  by  centrifuging  for  as  long  as  one  hour.  Clump- 
ing of  the  tissue  was  not  complete  until  the  mixture  was  allowed  to 

Table  9.     The  Effect  of  Neutralizing  the  Virus  Suspension  with  Sodium 

Carbonate. 


Rabbit 

Reaction  with  various 

number 

Purification  method 

dilutions* 

"Days" 

10 

20 

30 

40 

50 

75 

100 

9 

Bubbling    CO,    through 

+ 

+ 

+ 

+ 

+  + 

5 

the    emulsion    for    one 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

minute. 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

9 

10 

Bubbling    C02    through 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 

the    emulsion    for    one 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

6 

minute. 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

8 

+ 

+  + 

+  + 

+  + 

+ 

+ 

+  + 

10 

11 

Add  carbonic  acid  solu- 

+ 

+ 

+ 

+ 

+ 

— + 

+ 

4 

tion  to  20%  emulsion. 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

6 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

8 

+ 

+ 

+  + 

+ 

+  + 

+  + 

+  + 

10 

12 

Add  carbonic  acid  solu- 

+ + 

+  + 

+  + 

+ 

+ 

+ 

+ 

5 

tion  to  20%  emulsion. 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

i 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

9 

+ 

+ 

+ 

+  + 

+ 

+ 

+ 

11 
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pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  potentiometrically ) . 


Rabbit 
number 

Emulsion 
pH 

Mixture 
pH 

Supernatant 
fluid  pH 

Neutralized 

supernatant 

fluid  pH 

Exposure 

to  low 

pH 

9 

10 
11 

6.3 
6.3 

4.8 
4.9 
4.9 

4.8 

4.9 
5.0 
5.1 
5.0 

7.0 

7.2 
7.3 

7.2 

6  min. 
6  min. 
5  min 

12 

5  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution.) 

++Indicates  a  strong  reaction. 

4- Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 

Emulsion  titre:  1:100,000 

Table  10.     The  Effect  of  Neutralizing  the  Clumped  Dermo  Emulsion  with 
Nitrogen  and  Sodium  Carbonate. 


Neutral- 

Reaction with  various 

Rabbit 

Purification 

izing 

dilutions* 

number 

method 

agent 

"Days" 

10 

20 

30 

40 

50 

75 

100 

13 

Bubbling  C02 

Nitrogen 

+ 

+ 

5 

through  the 

+ 

+ 

+ 

+ 

+ 

+ 

— ■ 

7 

emulsion  for 

+  + 

+  + 

+  + 

+ 

+ 

+ 

+ 

9 

one  minute. 

14 

Bubbling  C02 

Sodium 

+  + 

+  + 

+  + 

+ 

+ 

+ 

+ 

5 

through  the 

carbon- 

+ + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

7 

emulsion  for 

ate 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

9 

one  minute. 

15 

Add  carbonic 

Nitrogen 

+ 

+ 

+ 

+ 

— 

— 

— 

o 

acid  solution 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 

to  20%  emul- 

+ 

+  + 

+  + 

+  + 

+ 

+ 

+ 

9 

sion. 

16 

Add  carbonic 

Sodium 

+  + 

+  + 

+ 

+ 

+ 

+ 

+ 

5 

acid    solution 

carbon- 

+ + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

to  20%  emul- 

ate 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

9 

sion. 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  potentiometrically) . 


Rabbit 
number 

Emulsion 
pH 

Mixture 
pH 

Supernatant 
fluid  pH 

13 

4.8 
4.9 
4.9 

4.8 

6.8 

14 

7.2 

15 

7.0 

16 

6.9 

*The  numbers  repreesnt  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution) . 
-\-  +  Indicates  a  strong  reaction. 

Indicates  reddening  of  1  he  skin 
— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 
Emulsion  titre:  1:100,000. 
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Table  11.     Summary  of  Experiments  in  Purifying  the  One  Per  Cent 
Dermo  Emulsion. 


Viru 

ence 

Rabbit 

Emulsion 

Mixture 

Exposure 

Purified 

number 

titre* 

pH 

to  pH 

titre* 

Reaction 

"Days" 

1 

40 

35  min. 

30 

+ 

11 

2 

40 

35  min. 

30 

+ 

11 

3 

40 

4.7 

20  min. 

30 

+ 

11 

4 

40 

4.8 

20  min. 

35 

+ 

11 

5 

100 

4.9 

6  min. 

100 

+  + 

7 

6 

100 

4.8 

6  min. 

100 

+  + 

7 

7 

100 

4.9 

5  min. 

100 

+ 

7 

8 

100 

4.8 

5  min. 

100 

+ 

7 

9 

100 

4.8 

6  min. 

100 

+  + 

5 

10 

100 

4.9 

6  min. 

100 

+  + 

4 

11 

100 

4.9 

5  min. 

100 

+  + 

4 

12 

100 

4.8 

5  min. 

100 

+  + 

5 

13 

100 

4.8 

10  min. 

100 

+ 

7 

14 

100 

4.9 

2  min. 

100 

+  + 

5 

15 

100 

4.9 

10  min. 

100 

+ 

7 

16 

100 

4.8 

3  min. 

100 

+  + 

5 

*The  numbers  represent  dilutions  in  thousands. 

++Indicates  strong  reaction. 

+ Indicates  reddening  of  the  skin. 

"Days"  is  the  number  of  days  after  injection  that  the  reactions  appeared. 

stand  for  four  or  five  minutes.  This  exposed  the  virus  to  the  low  pH 
for  nearly  as  long  a  time  as  the  methods  followed  in  Experiment  9. 

Experiment  11 :  The  use  of  physiological  solution  of  sodium  chloride 
as  a  suspending  medium. 

Because  the  virus  becomes  attenuated  if  it  remains  long  in  dis- 
tilled water,  the  use  of  physiological  solution  of  sodium  chloride  should 
be  considered  in  making  the  emulsion  for  purification.  On  the  other 
hand,  the  attenuating  action  of  distilled  water  is  not  very  rapid  and  a 
sodium  chloride  solution  can  be  added  after  the  purification  process  is 
completed.  But  each  solution  added  dilutes  the  vaccine,  and  the  final 
purified  vaccine  becomes  more  dilute  than  the  original  emulsion. 

A  physiological  solution  of  sodium  chloride  was  saturated  with  car- 
bonic acid  at  room  temperature.  It  was  added  to  a  20  per  cent  emulsion 
in  sufficient  quantity  to  make  a  one  per  cent  emulsion.  The  resulting 
mixture  was  centrifuged  for  five  minutes.  Even  though  the  mixture 
pH  was  4.8,  clarification  was  not  complete  and  the  suspension  remained 
turbid  after  repeated  centrifuging. 

Similar  results  were  obtained  by  bubbling  carbon  dioxide  rapidly 
for  one  minute  through  a  one  per  cent  emulsion  made  in  physiological 
solution  of  sodium  chloride.  The  pH  of  the  mixture  was  4.8  and  clari- 
fication was  not  complete  after  15  minutes  of  centrifuging. 

So  the  idea  of  using  physiological  solution  of  sodium  chloride  in 
making  emulsions  for  purification  was  discarded. 

Recaptiulation  of  the  Carbon  Dioxide  Purification  of  the  One  Per 
Cent  Dermo  Emulsion  (Table  11) 
In  the  purification  of  the  one  per  cent  emulsion  the  best  results 
were  obtained  by  the  following  procedure: 
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1.  Making  the  emulsion  in  distilled  water, 

2.  Bubbling  carbon  dioxide  through  the  emulsion  rapidly  for  one 
minute,  or, 

3.  By  adding  a  saturated  solution  of  carbonic  acid  to  a  20  per  cent 
emulsion. 

4.  Centrifuging  at  high  speed  for  five  minutes  and  immediately 
neutralizing  with  a  sodium  carbonate  solution. 

5.  Carrying  out  the  experiments  at  20 °C.  to  25  °C. 

Four  Per  Cent  Dermo  Emulsion 

These  experiments  were  carried  out  at  the  same  time  that  those  with 
the  one  per  cent  emulsion  were  being  run ;  for  the  sake  of  continuity  they 
are  placed  under  a  separate  heading. 

Experiment  12:  Carbon  dioxide  as  a  purifying  agent  of  a  four 
per  cent  dermo  emulsion. 

As  commercial  vaccine  is  much  more  concentrated  than  the  one 
per  cent  emulsion  usually  used  in  experimental  work,  we  endeavored  to 
purify  a  more  concentrated  emulsion. 

A  four  per  cent  emulsion  was  made  in  distilled  water  and  carbon 
dioxide  was  passed  through  a  capillary  tube  into  the  emulsion  for  20 
minutes.     The  mixture  was  centrifuged  for  10  minutes  and  nitrogen  was 


Table  12. 


Purification  by  Bubbling  Carbon  Dioxide  Through   the   Four 
Per  Cent  Dermo  Emulsion  for  20  Minutes. 


Reactions  with  various 

Rabbit 

dilutions* 

number 

Prepared  virus 

"Days" 

10 

20 

30 

40 

50 

(Q 

100 

17 

Original  emulsion 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

++ 

7 

17 

Purified 

+ 

+ 

+ 

— 

■ — 

— 

— ■ 

5 

+  + 

+ 

+ 

+ 

— 

— 

— 

7 

18 

Original  emulsion 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

18 

Purified 

5 

+ 

+ 

+  . 

+ 

" 

" 

~ 

7 

•The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

++lndicates  a  strong  reaction. 

-4-Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 

bubbled  through  the  supernatant  liquid  for  20  minutes.  The  resulting 
preparation  was  slightly  opalescent,  but  it  was  diluted  and  injected  intra- 
dermally into  a  normal  rabbit. 

The  results  recorded  in  Table  12  show  that  a  four  per  cent  emulsion 
may  be  purified  by  the  carbon  dioxide  method.  The  percentage  of  virus 
in  the  purified  suspension  was  very  low,  but  some  of  the  reactions  ap- 
peared on  the  fifth  day  after  inoculation. 

The  pH  obtained  by  bubbling  carbon  dioxide  through  the  four  per 
cent  emulsion  was  found  to  correspond  very  closely  to  that  of  the  one 
per  cent  emulsion  recorded  in  Table  4,  when  a  bubbling  tube  was  used. 
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Therefore,  five  minutes  of  bubbling  at  a  slow  rate  were  deemed  suffi- 
cient to  produce  the  pH  required  for  complete  clumping  of  the  tissue. 

Experiment  13:  Purification  by  bubbling  carbon  dioxide  for  five 
minutes. 

A  four  per  cent  emulsion  was  made  in  distilled  water  and  carbon 
dioxide  was  bubbled  through  it  for  five  minutes.  The  mixture  was  cen- 
trifuged  at  high  speed  for  10  minutes.  The  supernatant  liquid  was 
clear  and  it  was  immediately  diluted  in  adjusted  salt  solution  and  in- 
jected. 

The  results  (Table  13)  show  an  increase  in  the  percentage  of  the 
virus  in  the  purified  suspension  over  the  percentage  obtained  in  the 
preceding  experiment,  but  no  increase  in  the  virulence  of  the  virus. 

Table  13.    Purification  by  bubbling  Carbon  Dioxide  Through  the  Four 
Per  Cent  Dermo  Emulsion  for  Five  Minutes. 


Reactions  with  various 

Rabbit. 

dilutions* 

number 

Prepared  virus 

"Days" 

10 

20 

30 

40 

50 

75 

100 

19 

Original  emulsion 

+  + 

+  + 

+  + 

+ 

+ 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

7 

19 

Purified 

+ 

+ 

5 

+ 

+ 

+ 

+ 

+ 

— ■ 

— • 

7 

20 

Original  emulsion 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

20 

Purified 

+ 

+ 

+ 

— 

— 

— 

— 

5 

■  + 

+ 

+ 

+ 

+ 

+ 

7 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  colorimetrically) . 


Rabbit 
number 

Emulsion 
pH 

Mixture 
pH 

Supernatant  fluid 
pH 

Exposure  to 
low  pH 

19 
20 

6.5 
6.5 

4.8 
4.9 

5.0 
5.1 

10  min. 
10  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

H — hlndicates  a  strong  reaction. 

-{-Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 

Experiment  lb:  Purification  by  bubbling  carbon  dioxide  for  two 
minutes. 

Bubbling  carbon  dioxide  rapidly  through  the  one  per  cent  emulsions 
gave  good  results,  but  the  difficulty  of  foaming  arose  when  the  method 
was  applied  to  the  four  per  cent  emulsion.  For  this  reason  the  bub- 
bling was  interrupted  when  the  foam  reached  the  top  of  the  container 
and  was  resumed  after  it  had  subsided.  This  procedure  was  carried 
out  for  a  period  of  two  minutes  and  clarification  resulted.  The  purified 
suspension   was   neutralized   with   a   previously   determined    amount   of 

8—49646 
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Table  14.     Purification  of  the  Fou 

r  Per 

Cen 

t  Emulsion  bv  Bubbling 

Carbon 

Dioxide  Two  Minutes. 

Reactions  with  various 

Rabbit 

dilutions* 

number 

Prepared  virus 

"Days" 

10 

20  1  30 

40 

50 

75 

100 

21 

Original  emulsion 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

7 

21 

Purified 

+ 

+ 

+ 

+ 

— • 

— 

— 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

7 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

9 

22 

Purified 

+ 

+ 

+ 

— 

— 

— 

— 

5 

+  + 

+  + 

+  + 

+ 

+ 

+ 

— 

/ 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

9 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  Colorimetrically ) . 


Rabbit 
number 

Emulsion 
pH 

Mixture 
pH 

Supernatant 
fluid  pH 

Neutralized 

supernatant 

fluid  pH 

Exposure 
to  low  pH 

21 

22 

6.5 
6.5 

4.8 
4.7 

4.9 

4.8 

6.8 
7.0 

7  min. 
7  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc. 

H — [-Indicates  a  strong  reaction. 

-j- Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 


each  dilution). 


tenth  normal  sodium  carbonate  solution,  and  diluted  in  salt  solution  for 
inoculation. 

Experiment  15:  Purification  of  the  four  per  cent  emulsion  by  the 
addition  of  a  carbonic   acid   solution. 

Distilled  water  was  saturated  with  carbonic  acid  at  25 °C.  This 
solution  was  added  to  a  20  per  cent  emulsion  in  sufficient  quantity  to 
make  a  four  per  cent  emulsion.  The  mixture  was  centrifuged  for  five 
minutes,  and  a  transparent  preparation  resulted.  It  was  neutralized 
with  sodium  carbonate. 

The  results,  found  in  Table  15,  show  that  a  high  percentage  of  the 
virus  was  present  in  the  purified  vaccine.  The  virulence  of  the  virus 
was  comparable  to  that  in  the  original  emulsion. 

The  highest  dilution  of  the  emulsion  has  consistently  produced  a 
strong  reaction.  The  highest  dilutions  in  many  of  the  purified  vaccines 
have  also  produced  strong  reactions.  To  obtain  a  true  percentage  of  the 
virus  in  the  purified  vaccine  the  highest  dilution  must  surpass  that 
expected  to  produce  a  reaction.  This  experiment  was  repeated,  carrying 
the  dilutions  past  the  expected  "end  point." 

Both  of  the  purified  vaccines  produced  strong  reactions  in  the 
dilutions  of  1:100,000  in  seven  days.     One  of  the  emulsions  produced  a 
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Table  15 

.     Purification 

of  the  Four  Per 

Cent  Emulsion  by 

the  Addition  of  a 

Carbonic  Acid  Solution. 

Reactions  with  various 

Rabbit 

dilutions* 

number 

Prepared 

virus 

"Days" 

10 

20 

30 

40 

50 

75 

100 

23 

purified 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

2 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

4 

+  + 

+  + 

+  + 

1    1 

+  + 

+  + 

+  + 

7 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

— 

10 

24 

purified 

+ 

+ 

+ 

+ 

+ 

+ 

— 

4 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

6 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

8 

+ 

+ 

+  + 

+  + 

+ 

+ 

1 

10 

pH  of  the  Solutions  Throughout  the  Experiment 
(Determined  Colorimetrically). 

Rabbit 
number 

Mixture 
pH 

Supernatant 
fluid  pH 

Neutralized 

supernatant 

fluid  pH 

Exposure  to 
low  pH 

23 
24 

5.0 
4.9 

5.2 
5.0 

7.0 

6.8 

5  min. 
5  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution.) 

H — h Indicates  a  strong  reaction. 

-{-Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 


strong  reaction  in  the  dilution  1:150,000  and  the  other  produced  a  strong 
reaction  in  the  dilution  1:200,000. 

Results  are  tabulated  in  Table  16. 

Twenty  Per  Cent  Emulsion 

We  have  been  striving  to  develop  a  method  of  purification  which 
will  be  applicable  to  the  concentrated  commercial  vaccine.  The  com- 
mercial vaccine  is  comparable  to  a  20  per  cent  emulsion. 

Experiment  16:  Purification  of  the  20  per  cent  emulsion  by  bub- 
bling carbon  dioxide  for  two  minutes. 

A  20  per  cent  emulsion  was  prepared  in  distilled  water  and  centri- 
fuged  at  slow  speed  to  remove  the  coarse  particles.  The  supernatant 
emulsion  was  placed  in  a  test  tube,  which  was  in  a  larger  container  to 
catch  the  overflow.  Carbon  dioxide  was  bubbled  through  the  emulsion 
at  a  rapid  rate  until  all  of  the  emulsion  had  foamed  out  of  the  test 
tube  into  the  larger  container.  A  transparent  preparation  was  produced 
after  centrifuging  for  five  minutes.  It  was  neutralized  with  sodium 
carbonate. 

The  results  (Table  17)  show  that  much  of  the  virus  was  lost  and 
the  virulence  of  the  virus  in  the  purified  vaccine  was  not  equal  to  that 
in  the  emulsion. 
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Table  16.     Purification  of  the  Four  Per  Cent  Emulsion  by  the  Addition  of  a 
Carbonic  Acid  Solution. 


i 

Reactions  with  various 

Rabbit 

dilutions* 

number 

Prepared  virus 

-Days" 

40 

50 

75 

100 

150 

200 

250 

25 

Original  emulsion 

+  + 

+  -f 

+  -f 

+ 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

— 

7 

+ 

+ 

+ 

+ 

— 

— 

— 

11 

25 

Purified 

+ 

+ 

+ 

+ 







5 

+  + 

+  + 

+  + 

+  + 

+ 

— 

■ — 

7 

+ 

+ 

+ 

— 

— 

— 

— 

11 

26 

Original  emulsion 

+  + 

+  + 

+  + 

+4 

+  + 

+ 

— 

5 

+  + 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

7 

+ 

+ 

+ 

-f 

+ 

— 

— 

11 

26 

Purified 

+ 

+ 

+ 

+ 

+ 

— 

— 

5 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

— 

7 

+ 

+ 

+ 

+ 

~. 

11 

pH  of  the  Solutions  Throughout  the  Experiment: 
( Determined  Colorimetrically ) . 


Rabbit 
number 

Mixture 
pH 

Supernatant 
fluid  pH 

Neutralized 

supernatant 

fluid  pH 

Exposure  to 
low  pH 

25 
26 

5.0 

5.1 

5.1 
5.2 

7.2 
7.2 

5  min. 
5  min. 

*Thc  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

++Indicates  a  strong  reaction. 

+Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 


Comment 

Transparent  preparations  have  been  prepared  from  one  per  cent, 
four  per  cent,  and  20  per  cent  emulsions.  The  most  successful  results 
were  obtained  with  one  and  four  per  cent  emulsions.  The  loss  of  virus 
in  the  20  per  cent  preparation  can  be  attributed  to  the  occlusion  of  the 
virus  in  the  heavy  precipitate. 

Conclusions 

A  method  of  purifying  vaccinia  vaccine  has  been  developed. 

This  procedure  is  based  upon  the  iso-electric  precipitation  of  the 
suspended  tissue  by  means  of  carbon  dioxide. 

These  purified  preparations  are  water-clear  and  contain  a  high  per- 
centage of  virulent  virus. 
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Table  17.     Purification  of  the  20  Per  Cent  Emulsion  by  Bubbling  Carbon 
Dioxide  for  Two  Minutes. 


Reactions  with  various 

Rabbit 

dilutions* 

number 

Prepared  virus 

"Days" 

40 

50 

75 

100 

150 

200 

250 

27 

Original  emulsion 

+  + 

+  + 

+  + 

+ 

+ 

+ 

5 

+  + 

+  + 

+  + 

+  + 

+ 

+ 

— 

7 

27 

Purified 

+ 

+ 

+ 

+ 

— 

— 

— ■ 

5 

+  + 

+ 

+ 

+  + 

+ 

— 

— 

7 

28 

Original  emulsion 

+  + 

+  + 

+  + 

+ 

+ 

— 

— 

4 

+  + 

+  + 

+  + 

+  + 

+  + 

+ 

— ■ 

7 

28 

Purified 

+ 

+ 

+ 

— 

— 

— 

— 

5 

+  + 

+  + 

+  + 

+ 

— 

7 

pH  of  the  Solutions  Throughout  the  Experiment: 
(Determined  Colorimetrically). 

Rabbit 
number 

Supernatant  fluid 
pH 

Neutralized  super- 
natant fluid  pH 

Exposure  to  low 
pH 

27 
28 

5.4 
5.6 

6.8 
7.0 

7  min. 

7  min. 

*The  numbers  represent  dilutions  in  thousands  (Injected  intradermally,  0.2  cc.  of  each  dilution). 

H — r- Indicates  a  strong  reaction. 

-j-Indicates  reddening  of  the  skin. 

— Indicates  no  reaction. 

"Days"  is  the  number  of  days  after  injection. 
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THE  MECHANISM  OF  CARBON  OXIDATION  IN  THE 
PRESENCE  OF  CERTAIN  METALLIC  OXIDES 


Don  Martin,  Manchester  College,  and 
J.  E.  Day,  Ohio  State  University 

A  series  of  studies  (1),  involving  the  catalytic  oxidation  of  carbon 
have  been  carried  out  in  this  laboratory,  and  others  are  in  the  process. 
The  work  completed  thus  far  has  furnished  a  method  of  preparing 
carbon  of  a  good  reproducible  quality  and  also  a  method  of  oxidizing  the 
carbon  both  in  the  absence  and  in  the  presence  of  several  types  of  sec- 
ondary substances  which  may  be  regarded  as  catalysts  or  inhibitors. 
The  secondary  bodies  used  thus  far  include  (1)  heavy  metals,  metallic 
oxides,  chlorides,  and  sulfates. 

These  researches  naturally  gave  birth  to  the  question  as  to  whether 
or  not  certain  of  these  secondary  bodies,  particularly  the  heavy  metals 
(or  their  oxides),  were  stoichiometric  oxygen  carriers  or  were  contact 
catalysts  in  the  accepted  sense  of  the  term.  This  research,  therefore,  is 
confined  to  this  phase  of  the  reaction  mechanism,  using  the  common  oxide 
of  iron,  of  copper,  and  of  silver  as  the  secondary  substance  in  the  carbon 
oxidation.  It  was  believed  that  if  carbon  measurably  reduced  the  oxide 
in  an  oxygen-free  (e.g.,  nitrogen)  atmosphere  at  the  same  temperature 
at  which  the  carbon  gave  carbon  dioxide  in  an  oxygen  atmosphere  with 
the  same  metallic  oxide  present,  that  the  oxide  should  be  regarded  as 
functioning  in  a  stoichiometric  capacity;  and  if  the  two  oxidation  tem- 
peratures were  appreciably  different,  then  the  oxide  was  acting  in  a 
contact  or  other  manner. 

G.  Charpy  and  S.  Bonnerot  (2)  found  that  up  to  050°  C.  solid 
carbon  does  not  reduce  ferric  oxide.  They  used  ferric  oxide  and  graphite, 
previously  purified,  heated  to  1,000°  C.  in  vacuo,  mixed  and  strongly 
compressed.  At  950°  C.  under  pressures  Of  .01,  .1,  1,  2,  4,  and  8  mm., 
the  evolutions  of  carbon  dioxide  were  .1,  .14,  .31,  .56,  18,  and  1.07  cc. 
per  hour. 

G.  Tammann  and  A.  Ya  Zvoruikin  (3)  report  that  sugar  carbon 
reduces  copper  oxide  at  100°  C.  and  graphite  reduces  copper  oxide  at 
190°  C.  They  also  report  that  sugar  carbon  reduces  ferric  oxide 
at  625°  C. 

The  reaction  was  made  to  take  place  in  an  electric  furnace,  and 
the  temperature  at  which  carbon  dioxide  was  first  evolved  is  herein 
known  as  the  initial  carbon  dioxide  temperature.  This  determination 
was  made  by  passing  nitrogen  or  oxygen  through  the  furnace,  thereby 
sweeping  the  carbon  dioxide  into  a  solution  of  barium  hydroxide,  and 
noting  the  first  appearance  of  a  white  precipitate. 

Two  problems  incident  to  the  investigation  were  the  calibration  of  a 
thermocouple  and  the  obtaining  of  oxygen-free  nitrogen. 
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The  oxygen  present  in  commercial  compressed  nitrogen  was  removed 
by  the  method  of  C.  J.  Van  Brunt   (4). 

An  iron-German-silver  thermocouple  was  used.  It  was  calibrated 
by  keeping  one  junction  of  the  thermocouple  in  boiling  aniline  and  the 
other  junction  in  melted  paraffin.  The  paraffin  was  gradually  heated 
and  at  ten  degree  intervals,  the  deflection  on  the  scale  was  noted.  Sev- 
eral of  these  determinations  were  made  and  then  the  difference  in  tem- 
perature was  plotted  against  the  average  deflection  and  a  graph  obtained. 

The  precision  in  the  measurement  of  the  current  was  increased  by 
the  arrangement  of  the  light  and  a  lens  in  such  a  way  that  a  ray  of 
light  was  reflected  from  the  mirror  in  the  galvanometer.  This  scale 
was  two  meters  long  and  a  galvanometer  deflection  of  one  centimeter 
on  this  scale  was  equivalent  to  about  one  degree  Centigrade. 

Data 

Initial  carbon  dioxide  temperatures: 

N2  atmosphere     02  atmosphere 

CuO    273°  C.  233°  C. 

CuO    275°  C.  235°  C. 

Fe203    280°  C.  234°  C. 

Fe203   284°  C.  236°  C. 

Ag20    174°  C.  175°  C. 

Ag20    173°  C.  173°  C. 

It  is  noticed  that  the  carbon  dioxide  appeared  at  a  lower  tempera- 
ture with  the  copper  and  iron  oxide  reductions  in  an  oxygen  atmosphere 
than  in  a  nitrogen  atmosphere.  This  is  probably  due  to  the  fact  that 
the  carbon  of  the  pellet  was  uniting  with  the  oxygen  that  was  passing 
through.  The  reduction  of  silver  oxide  takes  place  at  about  the  same 
temperature  in  an  oxygen  atmosphere  as  in  a  nitrogen  atmosphere.  This 
may  be  attritbuted  to  the  fact  that  carbon  unites  with  silver  oxide  at  a 
lower  temperature  than  this  sample  of  carbon  itself  burns. 

Conclusions  and  Summary 

1.  It  was  desired  to  find  out  whether  or  not  silver  oxide,  copper 
oxide,  and  ferric  oxide  were  stoichiometric  oxygen  carriers  or  adsorption 
oxygen  carriers. 

2.  An  apparatus  was  devised  to  remove  traces  of  oxygen,  water, 
and  carbon  dioxide  from  nitrogen. 

3.  A  thermocouple  was  made  and  calibrated  to  indicate  accurately 
the  temperature  of  the  furnace  in  which  the  reaction  took  place. 

4.  The  test  for  initial  oxidation  was  the  formation  of  a  white 
precipitate  in  a  solution  of  barium  hydroxide  as  the  carbon  dioxide 
was   evolved. 

5.  The  oxidation  temperatures  were  found.  They  were  the  same 
for  silver  oxide  in  both  an  atmosphere  of  oxygen  and  an  atmosphere 
of  nitrogen. 

6.  The  oxidation  temperatures  for  copper  oxide  and  ferric  oxide 
were  lower  in  an  atmosphere  of  oxygen  than  in  an  atmosphere  of 
nitrogen. 
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7.  Since  the  oxidation  temperature  of  carbon,  using  silver  oxide 
as  a  secondary  substance,  is  the  same  in  oxygen  as  in  nitrogen,  silver 
oxide  must  be  a  stoichiometric  oxygen  carrier. 

8.  Since  the  oxidation  temperature  of  carbon,  using  ferric  oxide 
and  copper  oxide  as  secondary  substances,  is  lower  in  an  atmosphere 
of  oxygen  than  in  nitrogen,  copper  oxide  and  ferric  oxide  are  adsorption 
oxygen  carriers. 
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A  HYMOLAL  SALT  TEST  FOR  POTASSIUM 


E.  A.  Wildman,  Earlham  College 

During  1933  there  appeared  on  the  market  a  new  detergent  ("Gar- 
dinol,"  "Drene,"  "Dreft")  that  is  said  to  be  a  mixture  of  sodium  alkyl 
sulfates  in  which  the  alkyl  radicals  are  those  of  the  alcohols  formed  by 
the  reduction  of  cocoanut  oil  fatty  acids.  For  convenience  in  naming 
the  compounds  of  this  class  they  have  been  called  "hymolal  salts."  1 

Such  alkyl  sulfates  of  lithium,  ammonium,  sodium,  magnesium,  and 
calcium  are  readily  soluble  in  water  at  20°  C.  The  potassium  salt  is 
remarkable  in  being  very  slightly  soluble.  A  chance  observation  of  this 
fact  several  months  ago  led  us  to  use  a  1%  solution  of  the  sodium  hymolal 
salt  as  the  reagent  for  potassium  in  our  course  in  qualitative  analysis. 
The  result  was  that  potassium  was  reported  correctly  throughout  the 
entire  course  by  every  student. 

More  recently  there  has  been  an  opportunity  to  examine  the  prop- 
erties of  these  salts  in  so  far  as  they  have  a  bearing  on  the  potassium 
test.  A  3%  solution  of  the  reagent  was  found  to  be  more  satisfactory 
than  either  a  greater  or  a  smaller  dilution.  All  tests  were  made  by 
adding  1  cc.  of  this  reagent  to  5  cc.  of  the  solution  to  be  tested.  At 
20°  C.  the  ammonium,  sodium,  and  magnesium  salts  are  readily  soluble 
under  such  conditions,  but  the  potassium  salt  produces  a  dense  white 
precipitate  of  silky  fibers  within  less  than  one  minute  after  mixing, 
when  the  potassium  ion  is  present  in  amounts  of  1  mg.  or  more  per  cc. 

Unfortunately  ammonium  ion  forms  a  hymolal  salt  precipitate  when 
it  is  present  in  concentrations  exceeding  about  25  mg.  per  cc.  Conse- 
quently, if  a  complete  analysis  is  being  made  the  ammonium  salts  must 
be  removed  as  usual.  Unfortunately,  also,  the  presence  of  any  consid- 
erable amount  of  magnesium  ion  delays  the  precipitation  of  potassium 
so  much  that  when  the  two  ions  are  present  in  equal  amounts  by  weight, 
the  potassium  salt  comes  out  only  when  the  mixture  is  allowed  to  stand 
as  long  as  over  night,  regardless  of  the  concentration.  Sodium  ion  has 
much  less  restraining  effect. 

Cooling  with  ice  water  hastens  the  crystallization  of  the  potassium 
salt  greatly,  both  when  pure  and  when  magnesium  is  present.  When 
pure  a  1  mg.  per  cc.  solution  forms  the  precipitate  in  15  seconds,  but  if 
1  mg.  of  magnesium  is  also  present  1  minute  is  required.  The  corre- 
sponding periods  of  time  for  0.25  mg.  per  cc.  solutions  are  50  seconds 
and  3  minutes  respectively. 

Cooling  solves  the  difficulty  due  to  the  restraining  effect  of  mag- 
nesium, but  it  might  seem  to  introduce  another  because  of  the  decrease 
in  solubility  of  the  sodium  salt  (the  reagent)  with  lowering  of  tempera- 
ture.    It  is  soluble  to  the  extent  of  100  mg.  per  cc.  at  20°   C.    (10%), 

iRillefer,   D.   H.      Sulfonated  Higher  Alcohols.     Ind.   and   Eng.   Chem.   25:138.     Items 
in  News   Ed.    of   Ind.    and  Eng.    Chem.    12 :98,   316.      1934. 
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but  at  0°  C.  the  solubility  is  less  than  5  mg.  per  cc.  (equivalent  to  about 
0.5  mg.  of  sodium  ion).  The  latter  is  the  concentration  of  the  reagent  in 
the  actual  test  when  performed  with  the  quantities  specified  above.  Over 
10  minutes  are  required  for  the  precipitate  to  form,  however,  so  there 
is  no  interference  from  this  course  unless  there  is  sufficient  additional 
sodium  ion  in  the  solution  to  produce  a  marked  common  ion  effect.  This 
effect  shortens  the  time  of  precipitation  to  5,  2,  and  1  minutes  when 
the  reagent  is  added  to  solutions  containing,  respectively,  1,  5,  and  10  mg. 
per  cc.  of  sodium  ion.  When  potassium  and  sodium  ions  are  in  the  same 
solution  in  equal  amounts  the  potassium  precipitate  comes  down  in  the 
same  time  as  it  would  if  the  sodium  were  not  present.  Even  when 
sodium  ion  concentration  is  five  times  that  of  potassium  ion  it  does  not 
hold  the  latter  back  to  a  significant  extent,  but  it  does  so  sufficiently 
to  be  confusing  when  ten  times  the  concentration  of  potassium. 

The  data  presented  up  to  this  point  indicate  that  potassium  is  pre- 
cipitated in  one  twentieth  of  the  time  necessary  for  sodium  when  both 
are  present  in  the  amount  of  1  mg.  per  cc.  and  in  one-fourth  of  the  time 
needed  for  the  latter  if  the  potassium  is  held  back  by  an  equal  amount 
of  magnesium.  This  allows  a  reasonably  satisfactory  opportunity  to 
distinguish  between  sodium  and  potassium.  The  distinction  is  made 
much  more  sharp,  however,  by  the  fact  that  magnesium  holds  back  the 
precipitation  of  sodium  as  well  as  of  potassium,  and  to  a  much  greater 
extent,  as  is  shown  by  the  following  data.  A  potassium  precipitate  is 
formed,  when  the  solution  is  cooled,  in  20  seconds  after  the  reagent  is 
added  to  a  solution  of  5  mg.  each  per  cc.  of  potassium  and  magnesium 
ions.  In  the  case  of  a  solution  that  contains  5  mg.  each  per  cc.  of 
sodium  and  magnesium  ions  no  precipitate  at  all  is  formed  within  an 
hour  and  twenty  minutes.  It  seems,  therefore,  that  the  presence  of  a 
moderate  amount  of  magnesium  not  only  makes  the  cooling  of  the  solu- 
tion in  order  to  get  a  potassium  precipitate  in  a  reasonable  time  neces- 
sary, but  also  it  compensates  for  this  inconvenience  by  sharpening  the 
distinction  between  potassium  and  sodium. 

A  considerable  excess  of  magnesium,  such  as  five  times  as  much  as 
of  potassium,  makes  the  hymolal  salt  test  practically  impossible  because 
of  the  long  delay  in  the  formation  of  the  precipitate — thirty  minutes  or 
more  when  the  two  are  present  in  the  amounts  of  5  and  1  mg.  per  cc. 
respectively.  The  only  practicable  methods  of  removing  the  magnesium 
before  testing  for  potassium  involve  adding  reagents  that  carry  sodium 
ion  and  make  the  latter  so  concentrated  that  a  sharp  distinction  between 
it  and  potassium  is  not  possible. 

The  test  is  not  applicable,  therefore,  in  cases  in  which  a  small 
amount  of  potassium  ion  is  mixed  with  a  large  amount  of  both  or  either 
one  of  the  other  two. 

Lithium  belongs  in  the  fifth  group  in  the  qualitative  analysis  scheme 
in  addition  to  the  three  elements  already  mentioned,  but  it  is  often  not 
included  because  of  its  relative  lack  of  importance  as  an  element.  It 
has  a  number  of  properties  that  relate  it  closely  to  magnesium.  As  may 
be  expected  because  of  this  fact  its  behavior  in  respect  to  the  hymolal 
salt  test  is  intermediate  between  that  of  sodium  and  that  of  magnesium, 
but  more  like  the  latter. 
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In  sensitivity  the  hymolal  salt  test  exceeds  that  with  perchloric 
acid.  The  former  produces  a  definite  precipitate  with  as  low  a  potassium 
concentration  as  one-sixteenth  of  a  milligram  (0.0G25  mg.)  per  cc.  (in 
2  minutes)  when  it  is  the  only  ion  present,  whereas  the  practical  limit 
for  the  perchloric  acid  test  is  2  mg.  per  cc.  It  is  much  less  sensitive  than 
the  cobaltinitrite  test,  the  limit  for  which  is  about  0.001  mg. 

The  practical  advantages  of  the  hymolal  salt  test  are:  (1)  its 
cheapness,  two  hundred  and  fifty  tests  cost  one  cent,  whereas  the  same 
cost  obtains  eight  tests  with  sodium  cobaltinitrite  and  three  tests  with 
perchloric  acid,  and  (2)  the  avoidance  of  testing  in  a  highly  colored 
solution  on  the  one  hand  and  the  danger  of  a  perchloric  acid  and  alcohol 
mixture  on  the  other.  Disadvantages  are:  (1)  the  restraining  effect 
of  magnesium,  (2)  the  necessity  for  ice  water  cooling  in  many  cases, 
and  (3)  its  failure  to  detect  potassium  in  the  presence  of  a  large  excess 
of  magnesium  or  sodium. 

In  our  laboratory  unknowns  are  prepared  so  as  to  contain  approxi- 
mately 50  mg.  of  each  cation  present.  The  following  is  a  procedure  for 
the  detection  of  potassium: 

Divide  the  filtrate  from  Group  IV  into  three  equal  parts.  Use  two 
of  the  portions  for  the  magnesium  and  sodium  tests  before  making  the 
potassium  test.  Remove  ammonium  salts  as  usual  from  the  third  portion. 
Take  up  the  residue  in  about  15  cc.  of  water  that  contains  a  few  drops 
of  acetic  acid.  Filter  if  not  clear.  To  5  cc.  of  the  unknown  solution 
add  1  cc.  of  a  3%  solution  of  the  hymolal  salt  reagent.  A  white  precipi- 
tate within  one  minute  indicates  potassium.  If  no  precipitate  is  obtained 
or  if  it  were  previously  found  that  magnesium  is  present  cool  the  test 
tube  in  ice  water.  A  significant  amount  of  potassium  forms  a  precipitate 
within  about  one  minute  unless  there  is  a  very  large  quantity  of  mag- 
nesium.    In  the  latter  case  use  the  cobaltinitrite  test. 
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SYNTHESES  IN  THE  BIPHENYL  SERIES 


David  D.  Hartley1  with  Robert  E.  Lyons,  Indiana  University 

Biphenyl  has  been  known  to  the  organic  chemist  since  the  work  of 
Fittig2  in  1862,  and  several  of  its  derivatives  have  been  prepared  and 
described  in  the  literature.  The  previous  high  cost  of  biphenyl  and  its 
derviatives  has  greatly  limited  the  amount  of  research  on  these  materials. 
Recent  industrial  developments  in  this  country  have  made  available  for 
the  first  time  large  quantities  of  biphenyl  at  a  relatively  low  cost.  Conse- 
quently its  derivatives  not  only  become  of  scientific  interest,  but  are 
today  in  part  within  the  range  of  commercial  development. 

As  a  preliminary  to  the  possible  synthesis  of  azo  dyes  of  the  biphenyl 
benzidene  type  a  search  of  the  literature  was  made  for  the  necessary 
intermediates  and  their  sources.  This  search  revealed  the  incomplete 
condition  of  the  literature  in  regard  to  the  reduction  products  of  mono 
nitrobiphenyls   and   that   electrolytic   reduction   had   not  been   reported. 

Zimmerman3  has  prepared  small  amounts  of  the  p-azoxybiphenyl 
or  4,4'-diphenylazoxybenzene,  p-axobiphenyl  or  4,4'-diphenlyazobenzene, 
and  p-hydrazobiphenyl  or  4,4'-diphenylhydrazobenzene  by  chemical  re- 
duction of  4-nitrobiphenyl.  Friebel  and  Rossow4  have  similarly  prepared 
in  small  amounts  the  intermediate  reduction  products  of  2-nitrobiphenyl. 

Our  first  work  deals  with  the  application  of  electrolytic  methods 
to  the  reduction  of  the  isomeric  nitrodiphenyls. 

Experimental 

Material  and  Apparatus.  The  o-  and  p-nitrobiphenyl  were  prepared 
according  to  the  method  of  Jenkins,  McCollough,  and  Booth.5  The 
o-nitrobiphenyl  used  was  purified  by  distillation  under  vacuum  and  had 
a  m.p.  of  35-36°.  The  p-nitrobiphenyl  recrystallized  from  alcohol  melted 
at  113°. 

An  electrolytic  cell  of  the  divided  type  was  used,  consisting  of  a 
50  x  125  mm.  Coors  porous  cup  suspended  in  a  tall  form,  one  liter  pyrex 
beaker.  A  coil  of  3  mm.  iron  wire  served  as  the  anode.  The  cathodes 
were  cut  from  a  good  commercial  grade  of  the  sheet  metal,  5  x  24  x  0.2 
cm.,  with  a  2  cm.  lead  of  the  same  material,  which  served  as  a  support. 
These  sheets  were  bent  to  such  cylindrical  shape  as  to  fit  snugly  against 
the  inner  surface  of  the  glass  cell  and  had  an  effective  reducing  surface 
of  about  125  sq.  cm.  A  small  mechanical  stirrer  of  1,000  r.p.m.  oper- 
ated between  the  anode  cup  and  the  cathode.  The  assembled  cell  was 
placed  in  a  water  bath  for  temperature  control. 

1  Condensed   form   of   a   thesis   submitted   in   partial   fulfillment   for   the   Ph.D.    degree. 

2  Fittig:     Ann.   121,   363.     1862. 

3  J.    Zimmerman:      Ber.    13.    1960.      1880. 

4  G.   Friebel   and  B.    Rossow:     J.   prakt.    Chem.    63,   458.     1901. 

6  R.    L.    Jenkins,    R.    McCollough,    and    C.    F.    Booth :    Ind.    and    Eng.    Chem.    22,    31. 
1930. 
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Reduction  of  o-N  itrobiphenyl  at  a  Nickel  Cathode.  Using-  a  10% 
sodium  hydroxide  solution  as  anolyte  and  a  solution  of  10  g.  of  o-nitro- 
biphenyl  in  250  ml.  of  95%  ethyl  alcohol  as  catholyte,  a  current  of  2.3 
amperes  was  passed  through  the  cell  for  four  hours.  The  temperature 
was  maintained  at  75°.  Reduction  proceeded  nicely  with  little  evolution 
of  hydrogen  during  the  first  two  hours.  Then  hydrogen  appeared  and 
continued  to  be  copiously  evolved.  The  solution  changed  color  from 
yellow  through  orange  to  a  light  red.  The  alcoholic  catholyte  was 
cooled  and  filtered  and  yielded  7.14  g.  of  light  brown  crystals  of  impure 
azoxybiphenyl.  After  recrystallization  from  acetone  5.61  g.  or  63.8% 
of  white  o-azoxybiphenyl,  or  2,2'-diphenyl-azoxybenzene,  was  obtained 
melting  at  155°.  The  total  quantity  of  electricity  used  was  9.52  ampere 
hours  or  236%?  theoretical  quantity  to  reduce  to  azoxybiphenyl,  but  only 
a  slight  amount  of  azobiphenyl  was  produced. 

Reduction  of  o-N  itrobiphenyl  at  a  Lead  Cathode.  Using  a  10% 
sodium  hydroxide  solution  as  anolyte  and  10  g.  of  o-nitrobiphenyl  in 
250  ml.  of  95%  alcohol  as  catholyte,  a  current  of  2.1  amperes  was  passed 
through  the  cell  for  four  and  one-half  hours  while  maintaining  the  tem- 
perature at  about  75°.  The  solution  changed  color  from  yellow  through 
orange  to  a  dull  red,  and  a  dense  gray  deposit  formed  on  the  lead 
cathode.  This  deposit  and  the  precipitate  in  the  catholyte  was  care- 
fully collected  and  transferred  to  Soxhlet's  apparatus  and  extracted  with 
acetone  to  remove  the  product  from  any  insoluble  debris  from  the  cell. 
The  yield  of  white  crystals  from  acetone  was  6.87  g.  or  81.0%  of  the 
theoretical  yield  of  o-hydrazobiphenyl  or  2,2'-diphenylhydrazobenzene, 
m.p.  183°. 

Reduction  of  p-Nitrophenyl  at  a  Nickel  Cathode.  Using  a  10% 
sodium  hydroxide  solution  as  anolyte  and  10  g.  of  p-nitrobiphenyl  in 
250  ml.  of  95%  alcohol  as  catholyte,  a  current  of  2.2  amperes  was 
passed  through  the  cell  for  two  and  one-half  hours  while  the  temperature 
was  maintained  at  70°.  A  finely  divided,  bright  yellow  precipitate 
formed  which  wras  readily  separated  from  the  catholyte  by  filtration. 
The  yield  was  7.98  g.  or  90.6%.  The  p-azoxybiphenyl,  or  4,4'-diphenyl- 
azoxybenzene,  recrystallized  from  benzol  melted  at  212°;  after  recrystal- 
lization from  alcohol  the  m.p.  was  213°. 

Approximate  Solubility  in  Grams  Per  100  cc.  of  Solution 


Solute 

Solvent 

Temperature 

75° 

55° 

45° 

20° 

o- Azoxybiphenyl 

Acetone 

8.30 

6.04 

2.58 

o-Azoxybiphenyl 

Alcohol  95%0 

1.20 

0.52 

0.11 

o-Azoxybiphenyl 

Ether 

0.59 

o-Hydrazobiphenyl 

Benzene 

14.60 

7.90 

3.08 

o-Hydrazobiphenyl 

Acetone 

2.38 

1.74 

0.74 

o-Hydrazobiphenyl 

Alcohol  95%) 

0.95 

0.11 

0.03 

p-Azoxybiphenyl 

Benzene 

4.57 

2.35 

0.64 

p-Azoxybiphenyl 

Acetone 

0.49 

0.15 

p-Azoxybiphenyl 

Alcohol  95% 

0.08 

0.04 

0.01 
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Reduction  of  p-Nitrophenyl  at  a  Lead  Cathode.  Under  similar  con- 
ditions to  the  above,  but  using  300%  theoretical  quantity  of  current,  an 
orange  precipitate  was  formed,  melting  at  220°.  After  four  successive 
crystallizations  from  benzol  the  product  melted  at  239°.  Since  Zimmer- 
man6 gives  the  m.p.  of  p-azobiphenyl,  or  4,4'-diphenyl-azobenzene,  as 
247°  we  conclude  that  our  product  from  benzol  was  probably  contami- 
nated with  a  small  amount  of  p-azoxybiphenyl. 

Discussion 

A  series  of  preliminary  experiments  showed  that  o-azoxybiphenyl 
and  o-hydrazobiphenyl  may  be  produced  by  the  electrolytic  reduction 
of  o-  nitrobiphenyl  in  alkaline  alcoholic  solution,  the  former  preferably 
at  a  nickel  cathode  and  the  latter  at  a  lead  cathode.  The  o-azobiphenyl 
is  formed  in  only  small  amounts,  probably  by  oxidation  of  the  hydrazo- 
biphenyl.  Reduction  to  the  hydrazo  state  does  not  occur  readily  at  the 
nickel,  copper,  or  zinc  cathodes,  and  the  latter  two  do  not  give  as  pure 
a  product  of  o-azoxybiphenyl  as  does  nickel. 

From  a  series  of  some  thirty  reductions  of  o-nitrobiphenyl  to 
o-hydrazobiphenyl  at  a  lead  cathode,  in  which  the  different  conditions 
were  sysematically  varied,  the  following  was  concluded.  Sodium  hydrox- 
ide solution  is  preferable  to  sodium  carbonate  as  anolyte.  Used  without 
the  addition  of  sodium  acetate,  sodium  carbonate  has  the  disadvantage 
of  greater  cell  resistance  and  less  current  efficiency.  The  addition  of 
sodium  acetate  improves  the  conductivity  and  efficiency  of  a  carbonate 
solution  as  anolyte,  but  does  not  improve  a  sodium  hydroxide  solution. 
An  optimum  concentration  of  hydroxide  solution  was  found  to  be  from 
5  to  10%  by  weight.  Lower  concentrations  gave  a  smaller  yield  and  a 
large  increase  in  cell  resistance,  while  higher  concentrations  did  not 
decrease  the  resistance  appreciably  but  did  cause  more  rapid  corrosion 
of  the  anode  cup  and  a  slight  decrease  in  the  yield.  The  yield  was  found 
to  be  greater  as  the  temperature  of  the  alcoholic  catholyte  was  increased, 
and  140%  of  the  theoretical  quantity  of  electricity  was  found  necessary 
for  a  fair  (80%)  yield.  A  further  excess  produced  only  a  slight  im- 
provement in  the  yield. 

Reduction  of  p-nitrobiphenyl  at  a  nickel  cathode  proceeded  satisfac- 
torily to  the  azoxy  state  with  very  little  evolution  of  hydrogen.  Further 
reduction  at  the  nickel  cathode  was  not  affected.  The  pure  p-azoxybi- 
phenyl, thus  prepared  and  crystallized  from  alcohol,  had  a  m.p.  of  213°, 
which  is  8°  higher  than  that  given  by  Zimmerman7  for  p-azoxybiphenyl 
solution. 

prepared    by   heating    4-nitrobiphenyl    in    alcoholic    potassium    hyroxide 
solution. 

Reduction  at  a  lead  cathode  gave  an  impure  product,  largely  p-azoxy- 
biphenyl with  some  higher  melting  product,  most  likely  the  correspond- 
ing hydrazo  compound  which  Zimmerman  found  to  melt  at  247°. 

A  New  Series  of  Diphenyl-benzidine  Dyes 

One  of  the  purposes  of  preparing  o-hydrazobiphenyl  was  to  deter- 
mine whether  or  not  it  might  be  rearranged  to  the  corresponding  di- 

6  J.   Zimmerman  :     Ber.    13,   1960.     1880. 

7  J.  Zimmerman :     Ber.   13,  1960.     1880. 
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phenylbenzidine  which  would  serve  as  the  nucleus  for  a  new  series  of  azo 
dyes.  Schultz8  and  others  have  shown  o-hydrazotoluene  to  undergo  re- 
arrangement to  o-tolidine  in  the  presence  of  hydrochloric  acid,  and 
Schultz,  Rhode,  and  Vicari9  have  proved  the  product  to  be  3,3'-dimethyl- 
4,4'-diamino-biphenyl.  Friebel  and  Rossow10  state  that  after  treating 
o-hydrazobiphenyl  with  hydrochloric  acid  in  a  sealed  tube  at  room  tem- 
perature for  48  hours,  80 %  of  the  material  was  recovered  unchanged. 
When,  on  the  other  hand,  fuming  hydrochloric  acid  was  used  in  a  sealed 
tube  at  100°,  or  even  as  low  as  60  or  70°,  they  obtained  complete  re- 
arrangement in  two  hours.  Assuming  that  the  rearrangement  was 
identical  with  that  of  o-hydrazotoluene  to  o-tolidine  the  resulting  diamine 
was  3,3'-diphenyl-4,4'-diamino-biphenyl   or  o-diphenyl-benzidine.11 

Our  investigation  has  shown  that  it  is  necessary  to  use  fuming 
hydrochloric  acid  in  a  sealed  tube.  Since  the  solubility  of  o-hydrazo- 
biphenyl in  aqueous  solutions  is  quite  low,  its  state  of  division  is  an 
important  factor  in  the  speed  of  rearrangement.  By  using  a  finely 
divided  product  it  was  found  that  90%  or  more  of  the  hydrazobiphenyl 
would  undergo  rearrangement  to  the  diamine  in  1.18  gravity  hydrochloric 
acid  when  maintained  at  55°  for  24  hours.  It  was  further  found  that 
a  temperature  above  55°  for  24  hours  was  of  no  advantage  and  that 
rearrangement  would  take  place  readily  at  40°,  and  slowly  at  a  tempera- 
ture as  low  as  25°. 

o-Diphenyl-benzidine  is  readily  purified  by  recrystallization  from 
hot  dilute  hydrochloric  acid  solution  and  is  amenable  to  diazotization 
in  the  presence  of  nitrous  acid  between  the  temperatures  — 5  and  +15°. 
Diazotization  is  slow  at  the  lower  temperature  due  to  the  slight  solu- 
bility of  the  diamine,  but  temperatures  above  15°  are  not  desirable 
because  its  diazonium  salt  is  less  stable  than  that  of  the  o-tolidine. 

A  few  of  the  more  simple  dis-azo  compounds  were  prepared  to  de- 
termine if  coupling  did  take  place  to  produce  a  dyestuff,  and  to  compare 
the  dyeing  properties  of  the  diphenyl-benzidine  product  with  the  cor- 
responding one  prepared  from  o-tolidine  under  identical  conditions.  No 
attempt  was  made  to  compare  the  great  number  of  dyes  possible,  nor  to 
determine  either  the  best  conditions  for  coupling  or  the  best  methods 
of  application  to  the  fabrics. 

The  following  compounds  were  prepared  by  diazotizing  o-diphenyl- 
benzidine  and  coupling  the  resulting  tetra-azonium  salt  with  some  com- 
mon intermediates  in  the  usual  manner: 

1.  From  o-diphenyl-benzidine  and  naphthionic  acid:  the  sodium 
salt  of  3,3'-diphenyl-4,4,-diazo-biphenyl-bis-a-naphthylamine-4-sulfonic 
acid. 


8  G.   Schultz:     Ber.   17,  467.     1884. 

9  G.  Schultz,  C.  Rohde,  and  F„  Vicari :  Ber.  37,  1401.  1904.  Ibid.,  Ann.  352,  111. 
1907. 

10  G.   Friebel   and   B.   Rossow:     J.   prakt.   Chem.    63,   460.     1901. 

11  Friebel  and  Rossow  gave  the  above  formula  for  the  diamine  but  named  it  m-dy- 
phenyl-benzidine.  In  accordance  with  the  accepted  nomenclature  of  o-tolidine  or  3, 
3'-dimethyl-4,  4'-diphenyl-benzidine,  as  o-dimethyl-benzidine,  we  have  preferred  to  use 
the   term   o-diphenyl-benzidine   for   3,3'-diphenyl-4,4'-diamino-biphenyl. 
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303Na 


■N  =    N  - 


S03Na 


•N  =   N  - 


HaN 


2.  From  o-diphenyl-benzidine  and  H  acid:  the  sodium  salt  of 
3,3'-  diphenyl -  4,4'-  disazo-biphenyl  - bis-8-amino  - 1  -  naphthol  -3 ,6  -  disulf onic 
acid. 

3.  From  o-diphenyl-benzidine  and  Broenner's  acid:  the  sodium 
salt  of  3,3'-  diphenyl-4,4'-  disazo  -  biphenyl  -  bis  -  B-naphthylamine-6-sulf  onic 
acid. 

4.  From  o-diphenyl-benzidine  and  chromotropic  acid:  the  sodium 
salt  of  3,3'-diphenyl-4,4'-disazo-biphenyl-bis-l,8-dihydroxy-napthalene-3,5- 
disulfonic  acid. 

5.  From  o-diphenyl-benzidine  and  J  acid:  the  sodium  salt  of 
3,3'-diphenyl-4,4'-clisazo-biphenyl-bis-2    amino-5-naphthol-7-sulfonic    acid. 

6.  From  o-diphenyl-benzidine  and  R  acid:  the  sodium  salt  of 
3,3'-diphenyl-4,4'-disazo-biphenyl-bis-2-naphthol-3,6-disulfonic  acid. 

7.  From  o-diphenyl-benzidine  and  Gamma  acid:  the  sodium  salt 
of  3-3'-  diphenyl-4,4'-  disazo-biphenyl  -bis  -  2-amino-8  naphthol  -  6  -  sulfonic 
acid. 

8.  From  o-diphenyl-benzidine  and  beta-naphthol :  the  sodium  salt 
of  3,3'-diphenyl-4,4'-disazo-biphenyl-bis-beta-naphthol.    Insoluble. ) 

The  corresponding  o-tolidine  dyes  were  made  parallel  with  the  above 
and  the  following  general  observations  noted.  The  diphenyl-benzidine 
dyes  are  less  soluble  than  the  tolidine  dyes,  have  a  slightly  greater  color 
intensity  in  equal  molar  concentrations,  and  give  similar  though  not 
identical  colors.  They  dye  silk,  cotton,  and  rayon  directly,  but  due  to 
their  limited  solubilities  give  better  results  when  made  in  the  fabric.  On 
silk  they  are  equal  or  superior  to  the  tolidine  dyes  in  general  appearance ; 
on  rayon,  they  are  equal  or  only  slightly  inferior  to  them;  while  on  cot- 
ton they  are  in  some  instances  equal,  but  usually  inferior  to  them.  They 
compare  well  in  fastness  to  washing  with  the  tolidine  dyes. 

Summary 

o-Nitrobiphenyl  has  been  electrolytically  reduced  to  o-azoxybiphenyl 
at  a  nickel  cathode,  and  to  o-hydrazobiphenyl  at  a  lead  cathode. 

p-Nitrobiphenyl  has  been  electrolytically  reduced  to  p-azoxybiphenyl 
at  a  nickel  cathode. 

The  approximate  solubilities  of  o-azoxy-,  o-hydrazo-,  and  p-azoxy- 
biphenyl in  some  common  solvents  have  been  determined. 

Conditions  favorable  to  the  rearrangement  of  o-hydrazobiphenyl  to 
o-diphenyl  benzidine  have  been  determined. 

A  few  examples  of  a  new  series  of  diphenyl-benzidine  dyes  have 
been  prepared  and  compared  with  the  corresponding  o-tolidine  dyes  made 
under  identical  conditions. 
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CATALYTIC    OXIDATION    OF    THE    CARBOHYDRATES 

AND  RELATED  COMPOUNDS  BY  OXYGEN  IN  THE 

PRESENCE   OF  IRON  PYROPHOSPHATES 


IV.     Methyl   Alcohol,    Formaldehyde,    Formic   Acid,    Sodium 

Formate,  Ethyl  Alcohol,  Acetaldehyde,  Acetic  Acid, 

Sodium  Acetate,  Glycol,  Glycollic  Acid,  Sodium 

Glycollate,  Oxalic  Acid,  and  Sodium  Oxalate 


Ed.  F.  Degering,  Purdue  University 

In  any  study  on  oxidative  mechanism,  one  must  always  establish, 
under  identical  conditions,  the  effect  of  the  oxidative  reagents  upon  all 
of  the  probable  intermediates  that  may  be  formed  during  the  degrada- 
tional  process.  Information  relative  to  the  stability  or  instability  of  the 
probable  intermediates  is  equally  important  whether  it  be  positive  or 
negative.  Hence  it  seems  pertinent  to  the  study  of  the  oxidation  of  the 
simple  sugars  in  the  presence  of  iron  pyrophosphates,  to  include  similar 
experiments  on  the  probable  simple  intermediates. 

The  results  of  the  experiments  with  methyl  alcohol,  formaldehyde, 
formic  acid,  sodium  formate,  ethyl  alcohol,  acetaldehyde,  acetic  acid,  and 
sodium  acetate  at  a  temperature  of  50°  C.  have  been  reported  in  previous 
papers.1  But  for  convenience  in  a  study  of  these  results,  some  of  these 
data  from  the  previous  reports  have  been  combined  with  the  data  from 
the  present  study.  Furthermore,  all  of  these  substances  have  been 
studied  under  the  same  conditions  other  than  temperature  at  both  50°  C. 
and  75°  C.  The  results  from  the  study  of  the  three-carbon  probable 
intermediates  will  be  presented  later. 

The  procedure  employed  in  the  study  of  these  probable  intermediates 
was  identical  with  that  presented  in  a  previous  report.2  A  tenth  of 
a  mol  of  the  compound  was  used  for  each  determination,  and  the  experi- 
ments were  carried  out  at  50°  C.  and  at  75°  C,  the  results  appearing 
below  in  tabular  form.  Carbon  dioxide  is  reported  in  grams  for  the 
total  period  concerned.  Titrations  of  the  resulting  solutions  for  acid 
production  were  in  agreement  with  the  results  obtained  for  the  produc- 
tion of  carbon  dioxide. 

In  each  set  of  experiments  four  control  tubes  were  used,  and  the 
average  change  in  weight  of  the  control  tubes  was  used  as  a  correction 
factor.  Hence  the  values  given  in  the  tables  represent  the  average  net 
change  in  weight  in  the  experimental  tubes. 

1  J.   Biol.   Chem.   95,   409.      1932. 
Proc.   Ind.   Acad.    Sci.,   43,   105.      1933. 

2  J.    Biol.    Chem.    94,    423.      1931;   95,   409.      1932. 
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Carbon  Dioxide  Formed  in  the  Presence  of  Iron  Pyrophosphates  at  50°  C.  by 


i_ 

',  c 

Time  in  days 

1 

2 

5 

8 

12 

16 

asC02 

Runs 

CH3.OH 

.0000 

—  .0008 

—  .0023 

—.0039 

—  .0059 

—  .0050 

—0.11 

3 

H.CO.H 

.0000 

.0006 

.0027 

.0036 

.0049 

.0046 

0.10 

4 

H.CO.OH 

.0028 

.0034 

.0044 

.0055 

.0057 

.0058 

0.11 

3 

H.CO.ONa 

.0008 

.0018 

.0013 

.0008 

.0019 

.0025 

0.06 

4 

CH3CHo.OH 

—  .0004 

—  .0004 

—  .0007 

—  .0011 

—  .0021 

—  .0022 

—0.02 

3 

CH3CHO 

—  .0006 

—  .0009 

.0025 

.0232 

.0603 

.1366 

1.55 

3 

CH3.CO.OH 

—  .0044 

—  .0080 

—  .0087 

—  .0096 

—  .0034 

—  .0019 

0.02 

3 

CH3.CO.ONa 

.0000 

.0000 

—  .0014 

—  .0008 

—  .0013 

.0018 

—0.02 

3 

CH2OH.CH2OH 

—  .0002 

—  .0002 

—  .0008 

—  .0015 

—  .0041 

—  .0064 

—0.07 

4 

CH,OH.CO.OH 

—  .0003 

—  .0003 

—  .0007 

—  .0026 

—  .0007 

—  .0048 

—0.05 

4 

COOH.COOH 

,0001 

—  .0002 

.0012 

.0014 

.  0032 

.0077 

0.09 

4 

Carbon  Dioxide  Formed  in  the  Presence  of  Iron  Pyrophosphates  at  75°  C.  by 


%c 

Time  in  days 

1 

2 

5 

8 

12 

16 

asC02 

Runs 

CH3.OH 

.0001 

—  .0008 

—  .0023 

—  .0040 

.0060 

—  .0025 

—0.03 

6 

H.CO.H 

.0000 

—  .0002 

—  .0011 

—  .0015 

—  .0029 

+ . 0034 

—0.04 

6 

H.CO.OH 

.0015 

00  17 

.0064 

.0071 

.0056 

.0103 

0.11 

6 

H.CO.ONa 

—  .0023 

—  .0024 

—  .0026 

—  .0038 

—  .0054 

—  .0054 

—0.05 

6 

CH3CH0.OH 

—  .0023 

—  .0026 

—  .0022 

—  .0036 

—  .0053 

—  .0062 

—0.06 

6 

CH3CHO 

.0232 

.2954 

.3661 

.4553 

.6074 

.6756 

7.67 

6 

CH3.CO.OH 

.0000 

.  0022 

.0029 

.0033 

.0042 

.0035 

0.04 

6 

CH3.CO.ONa 

—  .0015 

—  .0012 

—  .0013 

—  .0021 

—  .0035 

—  .0060 

—0.06 

6 

CH2OH.CH,OH 

—  .0028 

—  .0028 

—  .0035 

—  .0049 

—  .0060 

—  .0056 

—0.05 

6 

CH,OH.CO.OH 

—  .0003 

.0018 

.0030 

.0038 

.0052 

.0050 

0.05 

6 

CH2OH.CO.ONa 

—  .0003 

.0002 

.0004 

—  .0005 

—  .0018 

—  .0033 

—0.04 

6 

COOH.COOH 

.0038 

.0074 

.0400 

.0757 

.1171 

.1751 

1.99 

6 

COONa.COONa 

—  .0001 

.0004 

—  .0003 

—  .0006 

—  .0016 

—  .0032 

—0.04 

6 

From  a  study  of  the  data  given  in  the  above  tables,  it  is  apparent 
that  methyl  alcohol,  formaldehyde,  formic  acid,  sodium  formate,  ethyl 
alcohol,  acetic  acid,  sodium  acetate,  glycol,  glycollic  acid,  sodium  glycol- 
late,  and  sodium  oxalate  do  not  yield  carbon  dioxide  under  the  conditions 
of  these  experiments.  Titrations  for  total  acid  production,  and  for  vola- 
tile acid  constituents,  likewise  indicated  the  absence  of  oxidation.  This 
is  in  agreement  with  the  general  behavior  of  the  most  of  these  com- 
pounds, and  also  agrees  with  the  results  previously  reported.3 

The  experiments  on  acetaldehyde  and  oxalic  acid  showed  production 
of  carbon  dioxide,  which  definitely  indicates  oxidation.  Titrations  for 
total  acid  production  in  the  case  of  acetaldehyde,  led  to  the  same  con- 
clusion. But  the  formation  of  carbon  dioxide  in  the  case  of  acetaldehyde 
and  the  lack  of  carbon  dioxide  formation  in  the  case  of  acetic  acid,  indi- 
cate that  the  oxidation  of  the  acetaldehyde  to  yield  carbon  dioxide  under 
the  conditions  of  these  experiments  is  somewhat  complex.  Hence  the 
study  of  the  other  end  products  of  this  oxidation  and  the  mechanism 
involved  is  reserved  for  a  later  paper. 

3  See  the  first  three  articles  of  this  series. 


Catalytic  Oxidation  of  the  Carbohydrates  l.'JI 

In  the  work  by  Spoehr  and  Smith4  at  about  38°  C,  they  report 
that  "sodium  acetate  is  oxidized  very  slowly:  0.0063  g.  of  carbon  dioxide 
was  produced  during  the  first  24  hours;  thereafter,  it  practically  ceases. 
Potassium  glycollate,  sodium  oxalate  .  .  .  showed  the  same  behavior." 
While  this  may  seem  to  be  in  disagreement  with  the  above  data,  the 
author  is  inclined  to  believe  that  the  values  reported  by  Spoehr  and 
Smith  were  well  within  the  range  of  experimental  error  for  the  method 
they  employed.  The  present  work  showed  an  actual  loss  of  weight  by 
the  ascarite  tubes  over  and  above  that  of  the  control  tubes,  as  tabulated 
for  sodium  acetate  at  both  50°  C.  and  at  75°  C.  When  making  a  24-hour 
determination,  in  which  a  continuous  passage  of  gas  is  involved,  it  is 
obvious  that  there  must  be  an  appreciable  source  of  experimental  error; 
and  one  of  the  main  purposes  of  the  above  tabulation  is  to  indicate  the 
extent  of  this  error  for  the  period  of  the  determinations.  In  every  case 
the  carbon  returned  as  carbon  dioxide  at  the  end  of  the  sixteen-day 
period  is  about  one  tenth  of  one  per  cent  or  less,  except  in  the  case  of 
acetaldehyde  at  both  temperatures  and  oxalic  acid  at  the  higher  tem- 
perature. Otherwise  the  author  is  inclined  to  interpret  the  results  as 
negative. 

In  conclusion,  then,  it  appears  from  the  data  obtained  in  this  series 
of  experiments  that  (1)  methyl  alcohol,  formaldehyde,  formic  acid, 
sodium  formate,  ethyl  alcohol,  acetic  acid,  sodium  acetate,  glycol,  glycol- 
lic  acid,  sodium  glycollate,  and  sodium  oxalate  are  not  oxidized  to  give 
carbon  dioxide  and  could,  therefore,  be  identified  as  end  products  in  the 
oxidation  of  the  simple  sugars  under  the  conditions  of  these  experi- 
ments; (2)  acetaldehyde  is  oxidized  to  give  carbon  dioxide,  but  acetic 
acid  cannot  be  an  intermediate  step  in  the  oxidation  of  acetaldehyde  to 
carbon  dioxide;  (3)  oxalic  acid  yields  carbon  dioxide  under  the  con- 
ditions of  these  experiments  at  75°  C,  but  little,  if  any,  at  50°  C;  and 
(4)  acetaldehyde  and  oxalic  acid  are  the  only  products,  which,  if 
formed  in  the  subsequent  studies  on  the  oxidation  of  the  simple  sugars, 
would  be  expected  to  be  oxidized,  in  part  at  least,  to  carbon  dioxide. 

4  J.   Araer.   Chem.   Soc.   48,   241.      1926. 
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C.  E.   Sparks  and  R.  E.  Nelson,  Purdue  University 

In  the  preparation  of  diacyl  derivatives  of  o-aminophenol  by  the 
usual  methods,  it  was  found  in  many  cases  that  the  order  of  introduc- 
tion of  the  two  different  acyl  groups  has  no  influence  upon  the  for- 
mation of  the  diacyl,  identical  products  being  isolated  from  the  two 
acylations.  In  order  to  determine  the  position  of  the  acyl  groups  the 
diacyl  was  saponified  with  dilute  alkali,  which  removes  the  group  attached 
to  the  oxygen.  The  resulting  monoacylated  product  was  identified  by 
melting  point  determinations,  showing  which  of  the  groups  was  attached 
to  the  nitrogen.  The  above  mentioned  identical  diacyls  were  found  to 
saponify  to  yield  identical  products,  as  would  be  expected. 

The  formation  of  such  identical  rather  than  isomeric  products  by 
reversing  the  order  of  acylation  indicated  that  during  acylation  a  re- 
arrangement must  have  occurred  in  one  of  the  two  cases.  That  a  re- 
arrangement occurs  during  saponification  is  indicated  by  the  fact  that 
the  same  saponification  product  is  obtained  from  isomeric  diacyls.  There 
has  been  some  evidence  that  certain  acyl  groups  have  more  power  than 
others  to  bring  about  such  a  migration,  weight  and  acidity  of  the  groups 
being  considered  to  have  the  predominating  influence  in  their  obtaining  a 
position  in  the  more  basic  amino  group. 

Previous  work  on  this  subject  by  Ransom1,  Ransom  and  Nelson2, 
Nelson  and  Rothrock3,  and  Raiford  and  Clark4  is  discussed  in  the  litera- 
ture. Pollard  and  Nelson5,  using  phenyl  acetyl  chloride  as  one  of  the 
acylating  agents  in  each  diacyl  throughout  a  series  of  experiments, 
showed  that  weight  and  relative  acidity  are  not  the  controlling  factors 
in  this  type  of  rearrangement.  Pollard,  Sparks,  and  Moore'3  using  hydro- 
cinnamyl  chloride  as  one  of  the  acylating  agents  in  a  series  of  experi- 
ments found  that,  in  five  cases  out  of  six,  isomers  were  obtained  depend- 
ing on  the  order  of  introduction  of  the  acyl  groups.  In  five  cases  out 
of  six,  complete  rearrangement  occurred  during  saponification  and  one 
case  showed  partial  rearrangement.  When  complete  rearrangement  did 
occur,  the  nitrogen  atom  was  shown  to  be  attached  to  the  heavier  and 
more  acidic  in  four  cases  and  to  the  heavier  and  less  acidic  in  one 
case.  The  saponification  products  showed  60%  of  the  nitrogen  attached 
to  the  heavier  and  less  acidic  group  and  40%  to  be  attached  to  the 
lighter  and  more  acidic  group  in  the  case  where  partial  rearrangement 
occurred  during  saponification. 

1  Ransom:     Am.    Chem.   J.    23,    1.     1900. 

2  Ransom  and  Nelson:   J.   Am.   Chem.   Soc.   36,   390.     1914. 

3  Nelson   and   Rothrock  :     Ibid.    51,   2761.     1929. 

4  Raiford   and    Clark:      Ibid.    48,    483.      1926. 

5  Pollard  and   Nelson:     J.   Am.    Chem.    Soc.   53,   966.     1931. 
8  Pollard,   Sparks,   and  Moore:     Ibid.  54,  3283.      1932. 
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The  purpose  of  this  investigation  was  to  determine  the  results  when 
a  chlorocarbonate  was  used  as  one  of  the  acylating  agents  in  the  prepara- 
tion of  each  of  the  diacyls.  Methyl  chlorocarbonate  was  chosen  as  this 
constant  acylating  agent. 

When  o-hydrocinnamylaminophenol  was  acylated  with  methyl  chloro- 
carbonate a  diacyl  melting  at  60.8-61.5°  was  produced,  while  the  acyla- 
tion  of  o-hydroxymethyl  carbanilate  with  hydrocinnamyl  chloride  gave 
a  diacyl  melting  at  61.-61.5°.  A  mixture  of  these  two  products  melted 
at  60.5-61.5°  indicating  the  two  to  be  identical;  hence  a  rearrangement 
occurred  during  acylation.  Saponification  of  this  diacyl  produced 
o-hydrocinnamylaminophenol. 

o-Isovalerylaminophenol  acylated  with  methyl  chlorocarbonate  gave 
a  diacyl  melting  at  68-69°,  while  the  acylation  of  o-hydroxymethyl  carba- 
nilate gave  a  diacyl  melting  at  67.5-69°.  A  mixture  of  these  two  products 
melted  at  68-69°.  The  two  diacyls  are  identical  and  therefore  a  rear- 
rangement occurred  during  acylation.  Saponification  of  this  diacyl  yielded 
o-isovalerylaminophenol. 

Experimental 

The  monoacyls  used  were  prepared  by  the  method  of  Groenvik7  using 
o-aminophenol  and  the  acid  chloride.  The  diacyls  were  prepared  by 
the   Schotten-Baumann  reaction. 

Action  of  Methyl  Chlorocarbonate  on  o-Hydrocinnamylayninophenol. 
To  5  g.  of  o-hydrocinnamylaminophenol  dissolved  in  an  equivalent 
amount  of  dilute  potassium  hydroxide,  a  slight  excess  of  methyl  chloro- 
carbonate was  added.  The  reaction  mixture  was  shaken  and  allowed 
to  stand  for  about  half  an  hour.  A  brown  oil  formed  which  was  washed 
well  with  hot  water.  On  standing  at  room  temperature  the  oil  solidified. 
This  solid  was  dissolved  in  hot  90%  alcohol,  containing  norite,  filtered 
and  the  filtrate  cooled  in  an  ice  bath.  White  oily  flakes  formed.  Water 
was  added  and  the  flakes  filtered  off.  These  were  purified  by  recrystal- 
lizations  from  90f/f  alcohol.  The  crystals  were  dried  in  a  desiccator  and 
melted  at  60.8-61.5°. 

About  1  g.  of  this  diacyl  was  saponified  in  hot  dilute  potassium 
hydroxide.  After  complete  solution  resulted,  it  was  filtered  and  acidified 
with  concentrated  hydrochloric  acid.  A  light  tan  crystalline  precipitate 
formed  which  on  recrystallization  from  dilute  alcohol  melted  at  130.5- 
131.°.  Mixed  with  o-hydrocinnamylaminophenol  (m.p.  131.5-132°)  they 
melted  at  129-131°.  The  saponification  product  was  therefore  o-hydro- 
cinnamylaminophenol. 

Action  of  Hydrocinnamyl  Chloride  on  o-Hydroxy  Methyl  Carbani- 
late. To  a  filtered  solution,  formed  by  dissolving  5  g.  of  o-hydroxy 
methyl  carbanilate  in  an  equivalent  amount  of  dilute  potassium  hydrox- 
ide, about  6  g.  of  hydrocinnamyl  chloride  was  added.  A  brown  oil 
formed  and  the  mixture  was  allowed  to  stand  for  about  two  hours  with 
frequent  shaking.  The  oil  was  washed  well  with  hot  water  and  solidi- 
fied on  standing  in  an  ice  bath.     The  solid  was  taken  up  in  hot  90% 

7  Groenvik:     Bull.   soc.   chim.    [2]    25,  173.      1876. 
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alcohol,  containing  norite,  the  solution  filtered  and  cooled.  White  oily 
flakes  were  obtained  which  were  purified  by  recrystallizations  from  90% 
alcohol.  The  purified  product  melted  at  61-61.5°  and  a  mixture  of  it 
and  the  diacyl  formed  by  the  introduction  of  the  groups  in  the  reverse 
order  melted  at  60.5-61.5°.  Thus  the  two  are  identical  and  a  rearrange- 
ment occurred  during  acylation. 

About  lg.  of  this  diacyl  was  saponified  in  the  same  manner,  and  o- 
hydrocinnamylaminophenol   was   formed,   as   would   be  expected. 

Table  I.     Diacyl  Derivatives  of  o-Aminophenol 


Name 
1 .     o-Hydrocinnamylaminophenyl 
methyl  carbonate 


Formula 
C6H5CH,CH.>CONHC6H4OCOOCH; 


2.     o-Isovalerylaminophenyl  methyl 

carbonate C4H9CONHC6H4OCOOCH3 


M.  P.  °C 

Yield  % 

Analyses, 
Calcd. 

N,  % 
Found 

Saponification  Product 

1.  60.5-61.5 

2.  68.  -69. 

80 
75 

4.68 
5.55 

4.85 
5.80 

C6H5CH.>CH,CONHC6H4OH 
C4H9CONHC6H4OH 

Diacyl  2  was  prepared  by  a  method  similar  to  that  described  for 
diacyl  1.  The  names  and  formulae  assigned  to  the  diacyls  are  on  the 
assumption  that  no  rearrangement  occurred  during  saponification. 


Summary 

A  study  of  two  diacyl  derivatives  of  o-aminophenol  has  been  made. 
Methyl  chlorocarbonate  was  used  as  an  acylating  agent  against  the 
hydrocinnamyl  and  isovaleryl  groups. 

A  rearrangement  occurred  during  acylation  in  both  cases,  identical 
products  being  isolated  when  the  order  of  the  introduction  of  the  groups 
was  reversed. 

The  saponification  products  in  both  cases  were  not  carbanilates. 
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SELENIUM  DERIVATIVES  OF  SALICYLIC  ACID 


R.  E.  Nelson  and  G.  S.  Boase,  Purdue  University 

Phenols  react,  as  a  rule,  with  acid  chlorides  to  form  acylated  deriva- 
tives. Attempts  were  made  to  acylate  the  phenolic  group  upon  the 
dialkyl  5,5'-selenodisalicylate  Se-dichlorides,  prepared  by  Nelson,  Schroe- 
der,  and  Bunting4  according  to  the  following  reaction : 

ROOC(HO)C6H3SeCl2C6H3(OH)COOR     +     2CICOR 

O  O 

ROOC(RC-0)C6H.-,SeCl2C6H3(OCR)COOR     +     2HCI 

The  reaction  did  not  take  place  and  the  original  material  was  recovered. 

Attempts  were  then  made  to  acylate  the  phenolic  groups  in 
5,5'-selenodisalicylic  acid  prepared  according  to  Morgan  and  Burstall.* 
Warming  with  acetic  anhydride  in  the  presence  of  concentrated  sulphuric 
acid,  boiling  with  acetyl  chloride,  and  boiling  with  glacial  acetic  acid 
failed  to  produce  acylation. 

This  raised  some  question  as  to  the  structure  of  the  compounds, 
since  the  seleno  esters  gave  no  ferric  chloride  phenol  test,  but  the  acid, 
on  the  other  hand,  gave  the  test.  Also  the  fact  that  the  selenium 
oxychloride,  being  an  acid  chloride,  might  have  acted  on  the  phenolic 
group  instead  of  the  fifth  hydrogen  on  the  ring,  in  the  preparation  of 
the  selenium  compounds,  needed  to  be  considered.  This  would  give  com- 
pounds of  the  same  empirical  formula,  but  their  structure  would  be  en- 
tirely different. 

Nelson  and  Baker3  prepared  5,5'-selenodisalicylic  acid  from  dimethyl 
5,5'-selenodisalicylate  Se-dichloride  indicating  that  the  twTo  compounds 
had  analogous  structures.  This  did  not  show  the  position  of  the  selenium. 
However,  in  this  work,  an  attempt  to  prepare  5,5'-selenodisalicylic  acid 
Se-dibromide  by  the  action  of  bromine  in  chloroform  solution  upon 
5,5'-selenodisalicylic  acid  gave  3,5-dibromo  salicylic  acid,  which  indicates 
that  the  selenium  was  attached  to  the  ring. 

Attempts  at  methylation  of  dimethyl  5,5'-selenodisalicylate  with 
dimethyl  suphate  in  alkaline  solution  were  unsuccessful. 

An  attempt  to  prepare  trimethyl  5,5',5"-selenotrisalicylate  Se- 
chloride  by  treating  dimethyl  5,5'-selenodisalicylate  Se-dichloride  with 
methyl  salicylate  in  the  presence  of  anhydrous  aluminum  chloride  gave 
dimethyl  5,5'-selenodisalicylate. 

The  treatment  of  dimethyl  5,5'-selenodisalicylate  Se-dichloride  with 
sodium  cyanide  resulted  only  in  hydrolysis  with  the  formation  of 
dimethyl  5,5'-selenodisalicylate  Se-dihydroxide  melting  at  137°. 

1  Nelson,  Schroeder,   and  Bunting;     J.  Am.   Chem.   Soc.   55,  801.      1933. 

2  Morgan    and    Burstall  :     J.    Chem.    Soe.    3260.      1928. 

3  Nelson  and  Baker:     J.   Am.   Chem.   Soc.   56,   467.     1934. 
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Experimental 

The  selenium  oxychloride  and  salicylic  acid  used  in  this  work  were 
obtained  from  the  J.  T.  Baker  Chemical  Company  and  not  further 
purified.  The  methyl  salicylate  was  obtained  from  the  Mallinckrodt 
Chemical  Company.  Analysis  for  selenium  was  carried  out  according  to 
the  method  of  Shaw  and  Reid,4  5,5'-selenodisalicylic  acid  was  prepared 
according  to  the  method  of  Morgan  and  Burstall,  and  dimethyl  5,5'-sele- 
nodisalicylate  Se-dichloride  was  prepared  according  to  the  method  of 
Nelson,  Schroeder,  and  Bunting. 

Acetylation  of  dimethyl  5,5'selenodisalicylate  Se-dichloride. 

Twenty-five  g.  of  dimethyl  5,5'-selenodisalicylate  Se-dichloride  was 
treated  with  a  large  excess  (25  g.)  of  acetyl  chloride  and  boiled  for 
several  hours.     No  reaction  took  place. 

Acetylation  of  5 ,5' -selenodisalicylic  acid. 

Twenty-five  g.  of  5,5'-selenodisalicylic  acid  was  refluxed  with  100  cc. 
of  acetyl  chloride  for  24  hours,  but  no  reaction  occurred.  In  another 
attempt  25  g.  of  the  acid  was  refluxed  with  100  cc.  of  glacial  acetic, 
and  still  another  was  refluxed  with  100  cc.  of  acetic  anhydride.  The 
final  attempt  was  to  warm  the  acid  gently  with  50  cc.  of  acetic  anhydride 
in  which  10  cc.  of  concentrated  sulphuric  acid  had  been  dissolved.  In 
each  case  the  original  product,  5,5'-seleondisalicylic  acid  was  obtained. 

3, 5 -Dibromo salicylic  acid. 

Ten  per  cent  excess  of  bromine  in  chloroform  solution  was  added 
to  a  chloroform  solution  of  5,5'-selenodisalicylic  acid  and  warmed  until 
the  evolution  of  HBr  ceased.  The  chloroform  was  evaporated  and  the 
solid  washed  with  ether  and  recrystallized  from  hot  water.  M.  pt.  223° 
C.  Mixed  melting  point  with  the  3,5-dibromosalicylic  acid  prepared 
by  the  action  of  bromine  upon  salicylic  acid  was  unchanged. 

Dimethyl  5,5'selenodisalicylate. 

In  an  attempt  to  prepare  trimethyl-5,5',5"-selenotrisalicylate  Se- 
chloride,  6.5  g.  of  methyl  salicylate  was  added  to  20  g.  of  dimethyl-5,5'- 
selenodisalicylate  Se-dichloride  in  the  presence  of  12  g.  of  anhydrous 
aluminum  chloride.  This  reaction  was  carried  out  in  anhydrous  ether 
and  warmed  until  evolution  of  HC1  ceased.  The  solid  material  was 
separated  and  boiled  with  200  cc.  of  water  in  which  10  cc.  of  cone.  HC1 
had  been  dissolved.  The  resulting  solid  was  recrystallized  several  times 
from  benzene.     M.  pt.   158°   C.     Yield  45%. 

Selenium 

Calc.  for  CieH^OeSe 20.8% 

Found 20.6% 

Dimethyl  5,5'-selenodisalcylate  was  prepared  by  the  method  of  Nel- 
son, Schroeder,  and  Bunting.  M.  pt.  158°  C.  A  mixed  melting  point 
of  the  two  products  was  constant. 

For  more  complete  identification,  dimethyl  5,5'-selenodisalicylate  Se- 
dibromide  was  prepared  by  adding  a  10%  excess  of  bromine  in  chloro- 

4  Shaw   and   Reid:     J.   Am.    Chem.    Soc.   49,    2330.     1927. 
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form  solution  to  chloroform  solutions  of  each  of  the  compounds.  The 
m.  pt.  of  each  was  143°  C,  and  the  mixed  melting  point  remained  con- 
stant. 

Attempt  to  methylate  Dimethyl  5,5'selenodisalicylate. 

Twenty-five  and  three-tenths  g.  of  dimethyl  5,5'-selenodisalicylate 
was  treated  with  22.6  g.  of  dimethyl  sulphate  in  125  cc.  of  Ha0  contain- 
ing 20  g.  of  NaOH.  After  standing  30  minutes  another  equal  portion 
of  dimethyl  sulphate  was  added  and  the  mixture  refluxed  for  an  hour. 
After  cooling  and  acidfying  with  HC1,  5,5'-selenodisalicylic  acid  was 
precipitated.  After  recrystallization  from  dilute  alcohol  it  melted  at 
272°.     A  mixed  melting  point  was  unchanged. 

Dimethyl  5,5'selenodisalicylate  Se-dihydr oxide. 

Twenty-two  and  six-tenths  g.  of  dimethyl  5,5'-selenodisalicylate  Se- 
dichloride  was  treated  with  4.9  g.  of  NaCN  in  100  cc.  of  H20.  The 
mixture  was  kept  cold  in  an  ice  bath  and  stirred  for  two  hours.  The 
color  turned  from  cream  to  white.  The  white  solid  was  extracted  with 
water  to  remove  NaCN,  filtered  and  recrystallized  several  times  from 
water.  M.  pt.  137°  C.  Yield  15%.  A  mixed  melting  point  with  dimethyl 
5,5'-selenodisalicylate  Se-dihydroxide,  m.  pt.  137°  C,  prepared  accord- 
ing to  Nelson,  Schroeder,  and  Bunting  remained  constant 

Summary 

1.  Attempts  to  acylate  dimethyl  5,5'-selenodisalicylate  Se-dichloride 
or  5,5'-selenodisalicylic  acid  were  unsuccessful. 

2.  The  position  of  selenium  on  the  ring  of  5,5'-selenodisalicylic 
acid  and  its  derivatives  has  been  demonstrated. 

3.  Saponification  occurred  when  dialkyl  5,5'-selenodisalicylate  was 
treated  with  dimethyl  sulphate  in  alkaline  solution. 

4.  Dimethyl  5,5'-selenodisalicylate  was  formed  when  dimethyl- 
5,5'-selenodisalicylate  Se-dichloride  was  treated  with  methyl  salicylate  in 
the  presence  of  anhydrous  aluminum  chloride. 

5.  Dialkyl  5,5'-selenodisalicylate  Se-dichlorides  yield  the  correspond- 
ing dihydroxides  upon  treatment  with  sodium  cyanide  solution. 
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ACTIVITY   COEFFICIENTS   OF   BISMUTH   CHLORIDE   IN 
HYDROCHLORIC  ACID  SOLUTIONS 


Thos.  De  Vries  and  E.  M.  Hattox,  Purdue  University1 

The  concept  of  activity  was  introduced  into  the  thermodynamics  of  solutions 
by  Lewis.  By  calculations  from  conductivity  measurements  he  found  that 
solutions  of  strong  electrolytes  and  even  concentrated  solutions  of  weak 
electrolytes  do  not  obey  the  Oswald  dilution  law,  and  that  such  measurements 
do  not  give  any  definite  information  as  to  the  actual  ion  activity  in  these 
solutions.  In  1912  Lewis  showed  by  thermodynamic  treatment  of  existing  data 
that  in  all  cases  the  activity  of  the  ions  is  very  much  less  than  the  ion  con- 
centration calculated  from  conductivity  data.  The  theory  of  complete  ion- 
ization has  been  adopted  by  various  authors2  since  then.  It  is  now  commonly 
accepted  that  the  activity  of  strong  electrolytes  is  influenced  by  the  mutual 
attraction  and  repulsion  of  the  ions  in  the  solution. 

The  behavior  of  mixed  electrolytes  in  the  same  solution  has  been  investigated 
by  several  workers.  Experiments  have  been  carried  out  by  Ming  Chow3 
and  Harned4  dealing  with  the  activity  coefficient  of  hydrochloric  acid  in  the 
presence  of  other  chlorides,  and  it  appears  from  these  results  that  the  activity 
coefficient  of  the  acid  depends  upon  the  specific  nature  of  the  added  chloride. 

Since  bismuth  chloride  hydrolyzes  when  it  comes  in  contact  with  water, 
it  is  necessary  that  hydrochloric  acid  be  used  in  making  the  solutions.  As  far 
as  can  be  ascertained,  no  investigation  has  ever  been  reported  concerning  the 
activity  coefficient  of  bismuth  chloride  in  hydrochloric  acid  solution.  Noyes, 
Hall,  and  Beattie5  have  shown  from  conductance  measurements  that  the  complex 
ions  BiCl  4  and  BiCl5=  are  present  in  large  proportions  in  such  solutions. 
Smith6  has  calculated  from  electromotive  force  measurements  the  relative 
activities  of  the  bismuth  ion  in  solutions  of  bismuth  perchlorate  in  perchloric 
acid  and  has  found  that  the  activity  varies  considerably,  depending  upon  both 
the  perchlorate  and  hydrogen  ion  concentrations. 

In  this  investigation  the  activity  coefficient  of  bismuth  chloride  in  hydro- 
chloric acid  was  determined  from  electromotive  force  measurements  at  25°  C. 
on  the  cell  Bi(Hg)x  (two  phase);  BiCl^mi),  HC1.  (m«);  Hg,  Hg2Cl2.  The  acid 
concentrations  were  approximately  0.1,  0.5  and  1.0  mols  per  1000  grams  of 
water.  The  bismuth  chloride  concentrations  varied  between  wide  limits. 
(See  Table  1.) 

Theoretical 

The  observed  electromotive  force  of  the  cell  which  was  used  is  given  by  the 
expression 

E  =  0.2700— Eu— 0.01972  log  a+a_3.  (1) 

1  From  a  thesis  presented  by  E.  M.  Hattox  in  1933  in  partial  fulfillment  of  the  re- 
quirements  for  the  degree  Master  of  Science. 

2Bjerrum:  Zeit.  Electrochem.  24,  321.  1918.  Milner:  Phil.  Mag.  25,  742.  1913. 
Ghosh:     J.   Chem.   Soc.    113,   149,   627,   790.      1918. 

3  Ming  Chow:     J.   Am.   Chem.   Soc.   42,   488.     1920. 

4  Harned:     J.  Am.   Chem.  Soc.  42,  1808.     1920. 

5  Noyes,  Hall,   and   Beattie:     J.   Am.   Chem.   Soc.   39,   2526   .   1917. 
«  Smith:      J.   Am.   Chem.    Soc.   45,    360.      1923. 
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In  this  expression,  0.2700  is  the  molal  electrode  potential  of  the  Hg,  Hg2Cl2; 
Cl—  electrode  in  the  presence  of  air7  and  E0  is  to  represent  the  molal  electrode 
potential  of  the  Bi,  Bi+++  electrode.  The  activities  of  the  cation  and  anion 
are  represented  by  a.  and  a_  and  these  are  related  to  the  molalities,  m_|_  and 
m_,  and  the  activity  coefficients,  8+  and  8_,  by  the  relations 

a  i  =m,»,  a_=m_8_  (2) 

Since  the  individual  ionic  activity  coefficients  cannot  be  determined  separately, 
the  mean  activity  coefficient,  8,  is  to  be  used,  and  this  is  defined  by  the  ex- 
pression 

84  =  8+8_3  (3) 

As  was  mentioned  above,  the  complex  ion  BiCl4~  is  present  in  large  amount 
in  solutions  of  bismuth  chloride  in  hydrochloric  acid.  The  dissociation  con- 
stant for  this  ion  is  written  as 

a  ,  a_4 

— =  K  (4) 

ai 

where  ai  shall  represent  the  activity  of  the  BiCl4—  ion.  The  chloride  ion 
concentration  is  given  as  a  first,  but  close,  approximation  by  m_  =  SCI  — 
42Bi,  and  the  bismuth  ion  concentration  by  m_j_  =  UBi  —  SBiCU-.  Total 
concentration  of  Bi  or  CI  is  represented  by  prefixing  the  summation  sign. 
Using  equations  (3)  and  (4)  and  assuming  that  the  monovalent  complex  ion 
has  the  same  activity  coefficients  as  the  chloride  ion,  we  obtain  that  the 
molality  of  the  bismuth  ion  is  given  by 

KSBi 

m+  = ■ 

K+s4(2Cl— 42Bi)4. 

The  molality  of  the  chloride  ion  is  m-  =  2  CI  —  42Bi. 
Substituting  these  values  in  equation  (1),  we  have 

0.2700— E— 0.01972  log  (2Bi)(SCl— 42Bi)3  =  E'  =  Eo+ 

K84 
0  01972  log-  -    (6) 

K+84(2Cl— 4SBi)4 

The  values  for  the  left  side  of  this  equality  can  be  calculated  from  the  data 
of  the  experiments.  These  values  are  recorded  in  Table  1  as  E'.  On  the  right 
hand  side  of  the  equation  appear  two  constants,  E0  and  K,  and  a  third  constant, 
A,  in  the  equality 

— 1.512vV 

log  8  =  —  (7) 

1+AvV 

which  was  chosen  because  this  expression  was  derived  by  Debye  and  Huckel  to 
represent  the  change  in  the  activity  coefficient  with  change  in  ionic  strength. 
This  equation  is  valid  for  tri-uni-valent  salts  at  not  too  large  a  concentration 
either  in  water  or  in  water  containing  other  ions  of  a  different  kind.  The 
calculation  of  the  ionic  strength  takes  all  the  ions  into  consideration  but  the 
calculation  of  the  coefficient  — 1.512  takes  into  consideration  only  the  charge 
on  the  Bi"1-"1-"^  and  Cl—  ions. 

A  similar  calculation  was  made  assuming  the  formation  of  the  BiCl5=ion. 
But  the  calculations  do  not  agree  with  the  observed  results  as  is  shown  by  the 
dotted  line,  (c),  in  Figure  I  along  which  the  points  for  experiments  8  to  14 
would  fall,  while  the  points  for  experiments  1  to  7  did  not  vary  much  to  be 

7  Randall   and   Young:      J.   Am.    Chem.    Soc.    50,   989.      1928. 
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noticeable  on  the  graph.     Hence  it  appears  rather  conclusively  that  BiCl4~ 
is  the  ionic  species  that  is  present  rather  than  BiCls=. 

Preparation  of  Materials 

The  materials  used  in  this  investigation  were  very  carefully  purified.  The 
water  was  distilled  from  alkaline  permanganate  and  from  barium  hydroxide, 
and  was  stored  in  glass  stoppered  pyrex  bottles. 

Bismuth  trioxide  was  prepared  as  follows:  commercial  bismuth  nitrate  was 
dissolved  in  8%  nitric  acid,  concentrated  nitric  acid  was  then  added  and  the 
bismuth  nitrate  was  precipitated  by  cooling  the  solution  to  0°  C.  This  process 
was  repeated  three  times,  giving  small,  very  pure  crystals.  These  were  dried 
and  ignited  to  bismuth  trioxide  at  a  temperature  of  about  500°  C.  This  method 
was  found  to  give  better  results  than  precipitating  the  bismuth  as  the  car- 
bonate and  then  igniting  to  the  oxide. 

The  mercury  was  washed  with  nitric  acid  and  then  distilled  three  times 
under  reduced  pressure  in  a  current  of  air. 

The  calomel  was  prepared  by  electrolysis  of  constant  boiling  hydrochloric 
acid,  using  a  current  of  3  to  4  amperes  between  a  mercury  anode  and  a  platinum 
cathode.8 

The  bismuth  amalgam  was  prepared  by  electrolysis  of  a  0.3  molal  solution 
of  bismuth  chloride,  made  from  the  pure  bismuth  trioxide  and  constant-boiling 
hydrochloric  acid.  Mercury  was  used  as  the  anode,  and  a  platinum  wire  as 
the  cathode.  Electrolysis  was  continued,  using  a  current  of  6  amperes,  until 
the  mercury  was  saturated  with  bismuth  and  an  excess  of  metallic  bismuth 
deposited  on  the  surface  of  the  amalgam.  The  amalgam  and  the  solution 
above  it  were  heated  until  the  excess  bismuth  dissolved  in  the  mercury  and 
then  allowed  to  cool  slowly  to  room  temperature.  The  saturated  amalgam 
thus  warmed  and  cooled  had  solid  bismuth  in  equilibrium  with  it  at  room 
temperature.  It  was  kept  under  the  bismuth  chloride  solution  used  in  the 
electrolysis. 

Constant-boiling  hydrochloric  acid  was  prepared  by  the  method  of  Hollings- 
worth.9 

The  bismuth  chloride  solutions  were  prepared  by  weighing  the  different 
ingredients.  An  amount  of  bismuth  trioxide  slightly  less  than  that  required 
for  a  saturated  solution  was  weighed  quickly  on  a  watch  glass  and  transferred 
to  a  pyrex  bottle.  A  weighed  amount  of  hydrochloric  acid  of  the  desired 
molality  was  then  added  until  the  volume  was  practically  one  liter.  All  the 
succeeding  solutions  of  a  series  were  made  by  successively  diluting  with  definite 
weighed  amounts  of  acid  of  known  molality. 

An  ordinary  H  type  pyrex  cell  was  used  for  the  electromotive  force  measure- 
ments. Connection  was  made  to  the  potentiometer  lead-in  wires  by  means  of 
a  mercury  filled  tube  sealed  to  the  bottom  of  each  compartment.  The  cell 
was  filled  with  solution,  mercury  placed  in  the  calomel  compartment,  and 
then  a  layer  of  calomel  placed  over  the  mercury.  The  bismuth  amalgam  was 
placed  in  the  other  compartment,  care  being  taken  to  have  solid  bismuth 
crystals  in  contact  with  the  amalgam  in  the  cell.  Both  the  calomel  and 
bismuth  amalgam  had  been  washed  several  times  with  the  solution  to  be 
used  in  the  cell.  The  cell  was  placed  in  the  thermostat  and  allowed  to  reach 
equilibrium,  which  was  usually  attained  within  five  hours. 

8  Lipscomb  and  Hewlett:     J.   Am.   Chem.   Soc.   38,   21.      1916. 
8  Hollingsworth :      J.   Am.    Chem.    Soc.   45,    1220.      1923. 
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The  thermostat  for  controlling  the  temperature  of  the  cells  was  filled  with 
finoil  and  was  of  the  usual  type.  The  temperature  of  the  bath  was  maintained 
at25°C.  ±  .005°. 

Electromotive  forces  of  the  colls  were  measured  with  a  Leeds  and  Northrup 
Type  K  Potentiometer. 

Discussion  of  Results 

The  electromotive  forces  of  cells  with  different  bismuth  and  chloride  on 
concentrations  are  given  in  Table  1.  These  are  the  average  of  three  and  in 
some  cases  four  good  determinations.  The  electromotive  forces  for  cells  with 
the  more  concentrated  bismuth  chloride  solutions  were  constant  for  more  than 
a  day,  with  a  maximum  deviation  from  the  mean  of  less  than  ±0.1  m.v.  The 
cells  with  a  bismuth  chloride  concentration  below  0.001  molal  had  a  deviation 
of  about  ±0.2  m.v.,  and  remained  constant  for  not  more  than  three  to  five 
hours. 


Table  1. 

SCI 

SH 

SBi 

E(obs.) 

E'  eqtn.  6 

log  8 

W 

1 

0.1191 

0.1190 

0.0000320 

0.1810 

0.2323 

—0.5168 

0.345 

2 

.508 

.507 

. 000422 

.1624 

.1916 

.712 

3 

.511 

.509 

.000781 

.1600 

.1887 

—0.9638 

.714 

4 

.515 

.511 

.00149 

.1566 

.1865 

—1.0498 

.715 

5 

.523 

.514 

.00298 

.1519 

.  1851 

—1.0877 

.717 

6 

.541 

.523 

.00602 

.1465 

.  1843 

—1.1039 

.723 

7 

.577 

.541 

.0121 

.1410 

.1831 

—1 .  1232 

.736 

8 

1.0054 

.9986 

.002252 

.1632 

.1591 

—1.4477 

.999 

9 

1 . 0070 

.9925 

. 004820 

.1575 

.1585 

—1.4611 

.996 

10 

1.0038 

.9760 

.009264 

.1520 

.1590 

—1.4562 

.988 

11 

1.0100 

.9688 

.01373 

.1485 

.1594 

—1.4512 

.984 

12 

1.0110 

.9399 

.02370 

.1432 

.1612 

—1.4261 

.970 

13 

1.0127 

.8851 

.04254 

.1369 

.  1643 

—1 .  3855 

.941 

14 

1.0126 

.8415 

.05700 

.1333 

.1674 

—1.3417 

.917 

Table  2. 

E' 

V7 

SC1-4SB 

i 

1 

0.1855 

0.5218 

0.5147 

2 

0.1616 

.  9300 

.9088 

3 

0.2323 

.3451 

.1190 

All  the  concentrations  are  expressed  in  mols  per  kilogram  of  water.  The 
total  chloride  content  is  represented  by  SCI,  the  total  bismuth  content  by 
SBi,  and  the  total  hydrogen  ion  content,  SH,  was  obtained  by  subtracting 
3SBi  from  SCI,  since  Bi203  was  dissolved  in  the  hydrochloric  acid  to  prepare 
the  solutions. 

The  electromotive  forces,  E',  tabulated  in  column  5,  Table  1,  were  calculated 
with  the  use  of  equation  (6).  These  are  plotted  in  Figure  I  as  ordinates  against 
the  square  root  of  the  ionic  strength  as  absciasas.  The  best  values  for  the  con- 
stants E0  and  K  in  equation  (6)  and  A  in  equation  (7)  were  found  by  a  trial  and 
error  method  by  requiring  that  equations  (6)  and  (7)  should  satisfy  exactly  three 
selected  points.  The  points  chosen  were:  (1)  the  center  of  gravity  of  de- 
terminations 3-7,  (2)  the  center  of  gravity  of  determinations  9-14  and  (3) 
determination  No.  1.  The  coordinates  of  these  points  are  given  in  Table  2, 
and  the  resulting  curve  is  represented  in  Figure  I  by  the  solid  line  marked  (a). 
The  dotted  line  marked  (b)  shows  the  variation  when  the  constant  K  is  not 
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2.9  x  10~6  but  2.2  x  10~~6.  The  values  for  the  other  constants  are  E0  =  0.2775, 
A  =  0.1.  The  best  values  for  the  constants  are  K  =  2.876  x  10~6,  E0  = 
+0.2771,  A  =  +0.0281.  These  constants  were  then  used  in  equation  (6)  and 
the  mean  activity  coefficient,  8,  of  bismuth  chloride  was  calculated.  These 
results  are  tabulated  in  column  6  of  Table  1,  and  are  also  plotted  in  Figure  II 
as  the  logarithm  of  8  against  the  square  root  of  the  ionic  strength.  The  solid 
line  curve  in  Figure  II  is  calculated  by  the  equation 
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The  values  of  8  were  calculated  with  the  assumption  that  the  activity  coefficient 
of  BiCir-  is  the  same  as  that  of  GP  (see  equation  4).  This  is  not.  necessarily 
true,  hence  any  error  introduced  by  this  assumption  appears  in  the  calculated 
values  of  8,  but  with  a  percentage  error  only  one-fourth  as  great.  (Due  to 
the  fact  that  S4  appeared  in  the  formulas.) 

The  curve  marked  (b)  in  Figure  II  shows  how  the  logarithm  of  the  activity 
coefficient  for  lanthanum  nitrate  varies  with  the  ionic  strength.10 

The  value  of  Eo  =  0.2771  is  to  be  taken  as  the  molal  electrode  potential  for 
the  electrode  Bi(Hg)x  (two  phase),  Bi+++,  the  sign  of  the  potential  being  the 
sign  on  the  electrode.  Since  in  a  two  phase  bismuth  amalgam,  bismuth  is  the 
solid  phase,  this  is  also  the  potential  for  Bi(s),  Bi+++  electrode.  Furthermore 
it  is  possible  to  calculate  the  molal  electrode  potential,  E'c,  for  the  electrode 
Bi(s),  BiClP",  Cl~,  from  the  equality 

[Bicin 

E'o+0. 01972  log — — ■  =  Eo+0. 01972  log  [Bi+++] 

[en4 

The  dissociation  constant  for  BiCl4—  has  the  value  2.88  x  10~  from  the  data 
herein  reported,  hence  the  value  for  E'o  is  +0.1678. 

Other  investigators  have  reported  potentials  for  the  bismuth  electrode. 
Swift11  reports  for  Bi(s),  BiO+,  H+  and  for  Bi(s),  BiOH++,  H+  the  values 
+0.318  and  0.310  respectively,  whereas  Smith1-  reports  values  of  0.314  and 
0.298  for  these  two  electrodes.  Noyes  and  Ming  Chow13  worked  with  cells 
of  the  type  Pt,  H2  (1  atm.),  HC1  (m),  HC1  (m)  +  BiOCl  (s),  Bi  (s)  and  their 
results  give  a  value  E0  =  0.1599  for  the  Bi  (s),  BiOCl  (s),  Cl—  electrode. 


Summary 

Cells  of  the  type  Bi(Hg)x,  (two  phase),  BiCl3  (mi),  HC1  (m2)  Hg2Cl2, 
Hg  were  studied  at  25°  at  three  different  HC1  concentrations  and  widely 
different  BiCl3  concentrations.  The  results  show  that  practically  all  the  bismuth 
is  in  the  solution  as  the  complex  ion,  BiCh"-,  with  a  dissociation  constant  of 
the  order  of  magnitude  2.88  x  10— 6.  The  molal  electrode  potentials  for  the 
cells  Bi  (s),  Bi+++  and  Bi  (s),  BiCl4~  Cl~  were  determined  to  be  0.277 
and  0. 1678.  The  mean  activity  coefficient  for  bismuth  chloride  in  hydrochloric 
acid  solutions  with  an  ionic  strength  \l  is  given  by  the  formula 

— 1.512VV 

log  8  =  — - 

1+0.0281VV 

This  assumed  that  the  activity  coefficient  of  the  BiCl4—  was  the  same  as  for 
the  chloride  ion. 


i"  Lewis   and  Linhart :     J.   Am.   Chem.   Soc.   41,   1951.      1 

11  Swift :      J   Am.    Chem.    Soc.    45,    37.      1923. 

12  Smith  :     J.   Am.   Chem.   Soc.   45.   360.      1923. 

13  Noyes  and  Ming   Chow:     J.  Am.   Chem.   Soc.  40,   739. 
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THE  SYNTHESIS  OF  ALKYL  ACETYLENES  FROM 
CALCIUM  ACETYLIDE 


Thomas  H.  Vaughn1  and  James  P.  Danehy 
University  of  Notre  Dame 

Since  Lebeau  and  Picon2  prepared  methylacetylene  by  the  action 
of  sodium  acetylide  on  methyl  iodide  in  liquid  ammonia  at  — 45°  C.  the 
general  equation, 

HC  =  CM  +  RX  — ->  MX  +  RC  ee  CH, 
has  been  illustrated  by  a  number  of  specific  reactions,  notably  by  the 
original  invehtigators  but  also  by  others3.  While  the  alkyl  halide  has 
been  represented  by  a  large  number  of  combinations  of  various  alkyl 
groups  with  chlorine,  bromine,  iodine  and  lately  the  sulphate  radical4, 
the  metal  has  been  almost  exclusively  sodium,  though  occasionally  during 
the  last  few  years  potassium  has  been  successfully  employed  in  these 
laboratories  and  more  recently  the  alkaline  earth  acetylides  have  been 
used.  As  early  as  the  end  of  the  last  century  Moissan5  prepared  the 
acetylides  of  lithium,  calcium  and  barium  as  well  as  those  of  sodium 
and  potassium,  employing  the  acetylene  to  metal  method.  Moissan,  how- 
ever, considered  even  the  mono-substituted  products  to  be  a  molecular 
association  of  one  molecule  of  carbide  and  one  molecule  of  acetylene. 
The  acetylide  structure,  as  shown  in  the  above  equation,  has  been  as- 
sumed throughout  this  work  as  most  easily  and  simply  explaining  the 
observed  reactions. 

Although  the  action  of  the  alkaline  earth  metal  acetylides  would  in 
every  way  be  expected  to  be  analogous  to  that  of  sodium  and  potassium 
acetylide,  this  has  not  heretofore  been  experimentally  verified.  This 
paper  reports  the  action  of  ethyl  sulphate,  amyl  chloride,  and  butyl  and 
amyl  bromides  on  calcium  acetylide  in  liquid  ammonia. 

An  interesting  phenomenon,  not  heretofore  reported  in  the  literature, 
was  noted  in  connection  with  the  preparation  of  calcium  acetylide  by 
the  acetylene  to  metal  method.  As  the  acetylene  was  bubbled  through 
the  ammonia  solution  of  calcium  the  rate  of  absorption  was  followed  by 
means  of  bubble  bottles.  As  soon  as  decolorization  occurred,  indicating 
that  the  formation  of  the  acetylide  was  complete,  the  rate  of  the  absorp- 
tion of  the  acetylene  abruptly  increased  by  what  was  roughly  estimated 
to  be  three  times.  This  was  interpreted  as  indicating  that  the  rate  of 
solution  of  acetylene  in  ammonia  (which  is  quite  high  in  pure  ammonia) 
was  decreased  by  metal  solutions  but  unaffected  by  acetylide  solutions. 
This  chance  observation  led  to  the  development  of  a  new  synthesis  of 
metal  acetylides  which  will  be  discussed  below. 

1  Now  with   Union   Carbide   and   Carbon   Research   Laboratories,   Niagara  Falls,   N.   Y. 

2  Lebeau  and  Picon:     Compt.   rend.   156,   1077.      1913. 

3  Picon:  Compt.  rend.  158,  1185,  1346.  1914.  Mass  and  Russell:  J.  Am.  Chem. 
Soc.  43,  1227.  1921.  Hurd,  Meinert,  and  Spencer:  Ibid.  52,  1138.  1930.  Heisig :  Ibid. 
53,    3245.      1931. 

4  Hurd  and  Meinert:     J.   Am.   Chem.   Soc.  52.  4540,  1930;  53,  289,    1931. 
6  Moissan:     Compt.   rend.   127,  911.      1898. 
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Ethyl  Sulphate 

To  avoid  the  complicating  factors  of  handling-  large  amounts  of  re- 
agents and  products,  small  amounts  of  material  were  finally  used.  Com- 
mercial calcium  metal  shavings  were  dissolved  in  liquid  ammonia  at 
atmospheric  pressure;  acetylene  gas  was  bubbled  through  the  solution 
until  the  latter  was  decolorized  (indicating  complete  conversion  of  the 
metal  to  the  acetylide).  The  excess  acetylene  was  removed  and  ethyl 
sulphate  was  added  to  the  solution,  the  gaseous  products  being  appropri- 
ately collected.  It  was  shown  by  chemical  analysis  that  the  product 
was  all  ethyl  acetylene.  The  yield  was  determined  by  reducing  the 
volume  of  collected  gas  to  standard  conditions  and  applying  the  general 
gas  law.     The  assumed  reaction  is 

HC  =  CCaC  =  CH  +  2Et2  S04 ►  Ca(EtS04)2  +  2EtC  =  CH 

When  this  synthesis  was  first  carried  out,  approximately  2/3  gram 
mole  of  calcium  acetylide  was  caused  to  act  on  4/3  gram  mole  of  ethyl 
sulphate.  The  gaseous  product  of  the  reaction,  together  with  the  am- 
monia coming  from  the  boiling  solvent's  surface,  was  passed  through  a 
large  bottle  of  water  and  a  bottle  containing  dilute  sulphuric  acid  to 
insure  the  removal  of  all  ammonia,  then  through  a  tower,  the  lower 
half  of  which  contained  soda-lime  and  the  upper  half  calcium  chloride. 
The  product  was  then  liquefied  by  passing  through  two  spiral,  ammonia- 
cooled  condensers5  and  was  collected  in  large  test  tubes  which  were  im- 

5  Vaughn   and  Pozzi  :     J.   Chem.   Ed.   8,   2433.      1931. 
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mersed  in  liquid  ammonia.  Owing  to  losses  in  the  wash  water  and 
to  the  inefficiency  of  the  condensing  and  collecting  system,  yields  greater 
than  75%  of  the  theoretical  were  not  obtained. 

In  the  subsequent  experiments,  in  order  to  obtain  quantitative  data, 
much  smaller  quantities  of  accurately  weighed  material  were  used  in 
an  apparatus  of  novel  design  (see  Fig.  1),  and  the  purified  product  was 
collected  and  measured  as  a  gas  at  atmospheric  pressure  and  room 
temperature,  no  attempt  being  made  to  condense  the  product. 

Alkyl  Halides 

The  experiments  in  which  alkyl  halides  were  used  were  made  on 
a  larger  scale  than  those  in  which  ethyl  sulphate  was  used.  The  calcium 
acetylide  was  prepared  by  the  metal  to  acetylene  method0  and  the  re- 
action was  effected  in  an  autoclave.  The  yields  obtained  compared  very 
favorably  with  those  resulting  from  the  use  of  sodium  acetylide  under 
identical  conditions. 

In  addition  to  the  acetylenic  materials  these  reactions  also  yielded 
amines,  alkenes,  dialkyl  acetylenes,  and  dialkyl  ethers.  The  nature  and 
origin  of  these  products,  which  are  also  obtained  when  sodium  acetylide 
is  employed,  will  be  discussed  fully  in  a  later  paper. 

Calcium  Acetylide 

Calcium  acetylide  was  prepared  by  two  methods.  In  the  one  method 
the  calcium  was  dissolved  in  ammonia  and  acetylene  bubbled  into  the 
solution.  In  the  other  method  a  solution  of  acetylene  in  ammonia  was 
prepared  and  to  this  was  added  calcium  metal  or,  better,  a  solution  of 
calcium  in  ammonia.  The  rate  of  addition  of  the  metal  was  carefully 
controlled  in  such  a  way  that  the  entire  solution  was  never  blue.  The 
metal  to  acetylene  method  is  very  convenient  and  requires  only  about 
10%  to  20%  as  much  time  as  the  acetylene  to  metal  method. 

Experimental  Part 

Calcium  Acetylide  (Acetylene  to  Metal). — Approximately  1.5  grams 
of  calcium  metal  shavings  were  placed  in  a  special  500-ml.  flask  (Fig. 
1)  bearing  a  mercury-sealed  Bennings  stirrer7  and  a  dropping  funnel. 
About  250  ml.  of  liquid  ammonia  were  forced  into  the  flask  through  the 
dropping  funnel.  After  stirring  for  three  or  four  minutes  to  insure 
complete  solution  of  the  calcium,  acetylene  from  a  Prestolite  cylinder 
was  passed  through  a  Filtros  gas  diffuser  immersed  in  a  concentrated 
sulphuric  acid,  a  bubble  bottle  containing  the  same  liquid,  a  U-tube  con- 
taining soda-lime,  and  into  the  reaction  flask  through  the  dropping 
funnel.  The  passage  of  acetylene  was  continued  until  decolorization  oc- 
curred. A  water  bath  was  placed  under  the  reaction  flask  and  the 
solution  of  calcium  acetylide  was  evaporated  to  dryness  to  insure  com- 
plete removal  of  excess  acetylene.  During  the  preparation  of  calcium 
acetylide  all  waste  ammonia  and  acetylene  was  conducted  to  a  suitable 
fume  hood.  The  dry  cake  of  calcium  acetylide  was  redissolved  in  about 
200  ml.  of  liquid  ammonia. 

"  Vaughn,    Vogt,    Sartoretto,   and   Nieuwland  :      To   be   published. 
7  Bennings:      Proc.   Ind.   Acad.   Sci.   37,   263.      1927. 
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Reaction  with  Ethyl  Sulphate. — An  accurately  weighed  sample 
(5.852  grams)  of  ethyl  sulphate  was  then  introduced  through  the  drop- 
ping funnel.  The  weighing  bottle  was  rapidly  rinsed  out  with  successive 
small  portions  of  liquid  ammonia,  and  these  rinsings  were  washed  into 
the  flask  with  more  ammonia.  Just  before  the  addition  of  the  ethyl 
sulphate  the  other  flask  opening  was  connected  by  a  short  piece  of  gum 
tubing  to  the  special  washing  flask  shown  in  Figure  1.  The  inlet  tube 
of  this  flask  was  terminated  by  a  perforated  porcelain  disc  which  served 
to  break  up  the  gas  stream  and  thus  facilitate  washing.  The  washing 
flask  was  filled  to  the  level  in  the  figure  with  50%  sulphuric  acid.  The 
washed  gases  were  collected  over  a  solution  almost  saturated  with 
respect  to  sodium  sulphate8,  and  quite  saturated  with  respect  to  ethyl- 
acetylene  after  the  numerous  trial  runs.  The  mixture  of  gases  from  the 
reaction  flask  was  forced,  by  the  boiling  ammonia,  through  the  washing 
flask  where  the  ammonia  was  removed  and  the  residue  was  collected 
by  displacement  in  a  1,000-ml.  cylinder.  When  all  evolution  of  gas  had 
ceased,  the  contents  of  the  flask  and  the  inverted  cylinder  were  brought 
to  room  temperature.  The  gas  was  brought  to  atmospheric  pressure 
and  its  volume  was  found  to  be  930  ml.  at  748.9  mm.  and  22°  C.  By 
means  of  a  Broensted-Richards  differential  manometer0  the  vapor  pres- 
sure of  the  sodium  sulphate  solution  was  estimated  to  be  11  mm.  The 
pressure  exerted  by  the  collected  gas  was  therefore  737.9  mm.  Apply- 
ing the  gas  laws  and  assuming  the  gas  to  be  pure  ethylacetylene,  the 
weight  of  evolved  gas  was  2.01  grams.  The  theoretical  yield  is  2.05 
grams.  Thus,  within  the  limits  of  accuracy  of  the  volumetric  method 
employed,  the  yield  was  theoretical. 

Purity  of  Ethylacetylene. — A  preparation  was  made  with  a  modi- 
fied apparatus  which  was  designed  to  exclude  all  air  from  the  sample 
of  gas  collected.  This  precaution  was  not  taken  in  the  experiment  to 
determine  the  yield  since  the  air  displaced  from  the  apparatus  was  sub- 
ject to  volumetric  measurement,  and  the  volume  of  air  so  obtained 
was  equal  to  that  of  the  gaseous  product  which  took  its  place.  By  means 
of  this  modified  apparatus  99.5  ml.  of  the  gaseous  product  was  drawn 
into  a  gas  burette.  This  gas  was  passed  and  repassed  into  a  Hempel 
pipette  containing  the  alkaline  mercuric  cyanide  reagent  of  Hoffman  and 
Krimreuther10  until  adsorption  ceased,  0.5  ml.  of  unabsorbed  gas  re- 
mained. During  the  collection  of  the  gas  sample  the  temperature  of  the 
sulphuric  acid  wash  solutions  was  considerably  raised.  This  would  tend 
to  lower  the  solubility  of  any  of  the  atmospheric  gases  originally 
present  in  the  liquid  and  would  throw  these  gases  out  of  solution,  min- 
gling them  with  the  reaction  product.  Therefore,  within  the  limits  of 
error  of  the  experiment  (about  1%),  we  can  assume  complete  absorp- 
tion. We  may  conclude  that  the  product  of  the  reaction  is  entirely 
acetylenic.     Since  the  possibility  of  acetylene  had  been  excluded  by  dry- 

s  The  gaseous  product  was  collected  over  sodium  sulphate  solution  in  order  to  obtain 
the  maximum  salting  out  effect  ;  the  solution  was  also  slightly  acid  to  insure  removal  of 
any  possible  trace  of  ammonia ;  a  slight  amount  of  methyl  orange  was  added  to  act 
as    an    indicator. 

9  Broensted  and  Richards:     J.  Am.   Chem.   Soc.   50,   3030.      1928. 

10  Hoffman   and  Krimreuther:     Ber.   41,    314.      1908. 
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ing  the  calcium  acetylide  before  the  addition  of  the  alkylating  reagent, 
we  may  assume  that  the  product  of  the  reaction  is  entirely  ethylacetylene 
and  that  the  equation  given  above  represents  the  reaction. 

Calcium  Acetylide  (Metal  to  Acetylene). — Approximately  750  ml.  of 
ammonia  were  placed  in  a  4-liter  beaker,  and  a  rapid  stream  of  acetylene 
was  bubbled  in.  After  about  2  minutes,  a  solution  of  208  g.  of  calcium 
in  3  liters  of  ammonia  was  added  as  rapidly  as  possible  without  turning 
the  entire  solution  blue.  The  reaction  was  usually  complete  in  20  to  40 
minutes. 

Reaction  With  Alkyl  Halides. — The  liquid  ammonia-acetylide  mix- 
ture was  poured  into  a  cadmium-lined  autoclave  of  about  8  liters  capa- 
city. Five  moles  of  the  alkyl  halide  were  cooled  by  pouring  rather 
slowly  into  250  ml.  of  ammonia.  This  mixture  was  quickly  poured  into 
the  autoclave  and  the  head  made  up  as  quickly  as  possible.  The  pres- 
sure rose  rather  rapidly  to  170-190  lb.  per  sq.  in.  and  then  slowly 
dropped  to  140-150  lb. 

After  standing  overnight,  the  pressure  was  released,  the  head  re- 
moved and  water  added  to  the  liquid  ammonia  mixture  in  a  fine  stream 
until  bubbling  had  ceased.  The  upper  layer  of  crude  alkyl  acetylene 
was  separated  and  washed  with  dilute  hydrochloric  acid  until  no  longer 
ammoniacal.  The  crude  acetylene  was  then  fractionated  in  a  1-m. 
jacketed  Vigreaux  column.  The  properties  and  yields  of  the  acetylenes 
prepared  are  given  in  Table  I. 

TABLE  I 

Properties  and  Yields  of  Alkyl  Acetylenes 

m.p.  of  Hg 
Prepared  from  %  Yield  b.p.  Derivative11 

Amyl  chloride  56%  98-101°  60.8-61.3° 

Amyl  bromide  31%  97-100°  60.9-60.1° 

Butyl  bromide  45%  70-72°  96.0-96.3° 

Conclusion 

1.  Calcium  acetylide  is  obtained  either  by  the  passage  of  acetylene 
into  calcium-ammonia  solutions  or  by  the  addition  of  calcium-ammonia 
solutions  to  acetylene-ammonia  solutions,  the  second  scheme  being  the 
more  rapid. 

2.  Ethyl  sulphate  reacts  vigorously  with  calcium  acetylide  in  am- 
monia and  gives  a  theoretical  yield  of  pure  butyne-1. 

3.  Butyl  bromide,  amyl  chloride,  and  amyl  bromide  react  with  cal- 
cium acetylide  in  ammonia  producing  the  corresponding  acetylene  in 
yields  which  compare  favorably  with  those  obtained  from  sodium 
acetylide. 


Vaughn:     J.   Am.    Chem.   Soc.   53,   3453.      1933. 
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SOME   FEATURES   OF  A  SMALL  CAVERN  AT 
MARENGO,  CRAWFORD  COUNTY,  INDIANA 


Marion  M.  Fidlar,  Indiana  University 

Introduction 

The  small,  water-coursed  cavern  described  in  this  paper  is  located 
immediately  north  of  the  city  of  Marengo,  Crawford  County,  Indiana. 
The  terminal  opening  is  at  the  base  of  a  bluff  along  Whiskey  Run  on 
the  north  side  of  the  old  Paoli  road,  just  one-fifth  mile  west  of  the 
famous  Marengo  Cave.  This  small  cavern  has  no  name,  so  far  as  it 
could  be  ascertained,  but  the  issuance  of  the  underground  stream  is 
known  locally  as  the  "Old  Town  Spring."  The  water  coming  out  here 
has  been  used  for  years  by  some  of  the  residents  of  the  portion  of 
Marengo  known  as  the  "Old  Town."  For  want  of  a  better  name,  the 
author  has  christened  the  opening  through  which  the  water  pursues  its 
subterranean   course   the   "Old    Town    Spring   Cavern." 

The  rocks  which  outcrop  in  the  immediate  vicinity  of  Marengo  are 
Mississippian  in  age,  including  all  the  formations  from  the  St.  Gen- 
evieve limestone  (Meramecian)  at  the  base  to  the  Cypress  sandstone 
(Chester)  which  caps  the  highest  hills  nearby.  The  St.  Genevieve  lime- 
stone in  Indiana  is  the  one  in  which  most  of  the  accessible  caverns 
are  developed.  Karst  valleys  are  often  developed  upon  the  surface  where 
subterranean  drainage  is  well  developed.  It  is  the  water  that  drains 
into  one  of  these  valleys  that  pours  through  the  cavern  studied.  The 
intermittent  drainage  and  the  swallow  holes  within  this  karst  valley  are 
shown  on  the  map  (Fig.  1).  This  intermittent  tributary  to  Whiskey 
Run  is  known  locally  only  as  "the  branch." 

The  writer  is  deeply  grateful  to  Mr.  William  P.  Von  Osinski  of 
Indiana  University  for  his  able  assistance  in  mapping  the  underground 
route  of  the  water,  and  to  Dr.  C.  A.  Malott,  also  of  Indiana  University, 
for  his  helpful  suggestions. 

Description  of  the  Cavern 

General. — In  the  ensuing  pages,  reference  will  be  made  to  the 
features  displayed  in  the  cavern.  For  convenience,  numerals  and  letters 
have  been  used  in  Fig.  1.  The  numerals  denote  points  of  interest,  and 
the  letters  indicate  cross-sections.  In  the  text,  the  briefer  symbols  will 
be  used  and  will  refer  to  Fig.  1,  unless  it  is  otherwise  stated. 

The  "Old  Town  Spring"  cavern  is  a  river  cavern,  through  which  a 
stream  of  water  runs  at  the  present  time.  Residents  say  that  it  never 
fails  to  flow  at  all  times  of  the  year.  When  rainfall  is  heavy,  the  cavern 
mouth  is  nearly  filled  with  water  draining  from  the  karst  valley  near 
the  head  of  the  explored  section  of  the  cavern.  The  karst  valley  was 
in  part  developed  by  the  surface  waters  when  they  drained  into  Whiskey 
Run  through  the   surface  channel,   and   indeed   the   flood  waters   which 
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Fig.  1.  Map  of  the  "Old  Town  Spring"  cavern  at  Marengo,  Indiana,  showing  the 
relation  of  the  subterranean  channel  to  the  surface  drainage.  Numerals  and  letters 
indicate    points   described   in   the    text. 


can  not  get  into  the  cavern  still  follow  this  route.  The  subterranean 
passage  probably  originated  below  the  water  table  by  waters  percolating 
through  the  limestone  along  joints  and  bedding  planes.  Later,  the  small, 
primitive,  tube-like  cavern  was  invaded  and  greatly  enlarged  by  the 
surface  waters  from  the  swallow  holes  in  the  karst  valley.  That  most 
of  the  enlargement  has  been  due  to  vadose  waters  is  shown  by  the 
unusually  fine  development  of  solution  facets  and  shallow  solution  pits 
in  the  walls,  ceiling  and  floor  of  the  present  cavern.  These  facets  are 
developed  to  a  greater  extent  in  the  lower  portion  of  the  cavern  (see 
Fig.  2). 

The  gradient  of  the  underground  portion  of  the  stream  is  very 
slight.  Throughout  the  entire  course  of  the  cavern,  the  water  falls 
only  about  three  feet.  This  is  determined  by  the  height  of  the  laminated 
zone  of  the  St.  Genevieve  limestone  which  is  shown  so  clearly  in  Fig.  2. 
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Fig.  2.  View  of  the  solution  scallops  on  the  wall  and  floor  of  the  "Old  Town 
Spring"  cavern,  about  800  feet  from  the  entrance.  Note  the  laminae  in  the  sandy 
layer  of  the   St.   Genevieve   limestone.      Water   is   standing  in   the  pits   in   the   foreground. 


This  banded  portion  is  at  water  level  in  the  extreme  upper  end  of  the 
cavern,  but  at  the  mouth  it  is  about  three  feet  above  the  water.  The 
general  course  of  the  cavern  is  along  the  strike  of  the  formation.  The 
swallow  holes  in  the  surface  drainage  system  (Fig.  1)  are  developed 
upon  a  valley  floor  about  25  feet  higher  than  the  mouth  of  the  cavern 
(Fig.  1,1),  and  the  holes  are  six  to  ten  feet  deep.  As  a  consequence,  the 
ceiling  of  the  cavern  in  the  branching  portion  near  the  upper  end  is 
separated  from  thekarst  valley  floor  above  by  only  10  to  15  feet  of 
limestone. 

The  cavern  is  divided  into  four  distinct  portions,  all  possessing  their 
respective  characteristics.  The  lower  portion,  represented  by  the  chan- 
nel from  1  to  10  in  Fig.  1,  is  approximately  1,700  feet  in  length.  The 
ceiling  is  generally  6  to  15  feet  above  the  water.  The  floor  through  this 
portion  of  the  cavern  is  developed  upon  bedrock,  sometimes  thinly  ve- 
neered with  gravel.  Wherever  rock  is  exposed  to  the  action  of  the 
vadose  waters,  facets  are  formed  by  solution.  Nowhere  in  the  remainder 
of  the  cavern  are  the  facets  so  well  developed.  Wherever  the  eye  falls, 
the  walls  and  floor  are  scalloped.  Even  slabs  of  limestone  lying  on  the 
floor  have  undergone  this  peculiar  selective  solution.  In  this  section 
of  the  underground  passage,  there  is  little  dripstone.  Occasionally  one 
comes  across  a  small  stalactite  or  column  formed  upon  a  high  ledge 
above  the  reach  of  the  flood  waters.  However,  the  surface  of  the  land 
above  is  too  high  above  the  cavern  to  permit  much  percolation  of  the 
waters  down  into  the  river  channel. 

The  second  division  of  the  cavern,  shown  between  10  and  G  in  Fig.  1, 
is  the  most  difficult  to  traverse.  It  is  approximately  1,500  feet  in  length, 
and  throughout  this  entire  portion  the  water  is  ponded  behind  a  heavy 
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gravel  bar  developed  near  the  lower  end  of  the  division.  The  ceiling 
is  developed  along  a  lower  stratum  of  limestone  than  was  the  ceiling 
in  the  first  division,  and  is  either  broadly  faceted  or  smooth.  There  is 
only  about  one  and  one-half  to  three  feet  of  air  space  between  the 
surface  of  the  water  and  the  roof  of  the  cavern.  Great  deposits  of 
flocculent  mud  and  sand  mixed  with  an  abundance  of  organic  material 
cover  the  floor,  in  some  places  forming  mud  banks  that  nearly  fill  the 
cavern.  The  water  above  the  mud  is  from  a  few  inches  to  five  feet 
deep.  Owing  to  the  decomposition  of  the  organic  material,  such  as 
leaves  and  twigs,  the  mud  beneath  the  water  contains  great  quantities 
of  methane,  or  "marsh  gas."  In  this  portion  of  the  cavern,  there  is  no 
dripstone  or  flowstone  of  any  type,  for  the  flood  waters  fill  the  cavern 
to  the  roof  and  prevent  the  formation  of  decorative  stone. 

The  third  distinct  division  of  the  cavern  extends  about  300  feet, 
from  G  to  20  in  Fig.  1.  The  ceiling  is  higher  here,  owing  to  a  greater 
amount  of  solution  overhead,  and  few  gravel  and  mud  bars  occur  on 
the  cavern  floor.  At  the  upper  end  of  this  stretch,  the  cavern  branches 
where  the  "feeder"  tubes  come  into  the  main  underground  route.  This 
portion  of  the  cavern  is  very  near  the  surface  of  the  karst  valley  which 
sends  its  water  through  this  subterranean  route,  and  as  a  consequence, 
ornamentation  is  common. 

The  fourth  division  of  the  cavern  system  is  the  portion  which  it 
is  impossible  to  explore.  This  is  the  more  primitive  portion  of  the  cav- 
ern, consisting  of  tubular  conduits,  at  or  below  the  water  table,  which 
are  filled  at  all  times  with  clear  groundwater. 

Details. — The  character  of  the  mouth  of  the  cavern  indicated  by  1 
in  Fig.  1  is  clearly  shown  by  the  photograph  (Fig.  3).  The  cavern 
mouth  opens  widely  here  at  the  base  of  the  cliff  and  the  water  from  it 


Fig.   3.     View  showing  the  character  of  the  mouth  of  the  "Old  Town  Spring"  cavern. 
The    stream   is   flowing  toward   the   camera. 
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enters  Whiskey  Run  with  little  fall.  However,  for  a  distance  of  200 
feet  into  the  cavern,  the  floor  is  dry  except  during  times  of  high  water. 
In  times  of  ordinary  rainfall,  all  the  water  in  the  cavern  flows  through 
the  younger  and  shorter  route  (2).  This  normal  or  low-water  route  is 
very  low  and  cannot  be  explored.  Apparently  it  is  a  recently-formed 
diversion  route.  The  floor  in  the  older  cavern  is  highly  faceted  in  the 
dry  portion,  and  mud  banks  have  been  formed  there  by  deposition  from 
the  flood  waters.  However,  a  channel  has  been  cut  through  the  deposits 
so  as  to  expose  the  bedrock  floor  of  the  cavern.  Cross-section  A  shows 
the  typical  shape  of  the  more  or  less  abandoned  portion  of  the  cavern. 

Three  hundred  feet  from  the  entrance  to  the  underground  passage, 
a  section  of  the  older  route  has  been  almost  entirely  abandoned  by  the 
stream  (B).  Only  the  highest  flood  waters  pass  through  the  broader 
and  larger  of  the  alternate  routes.  This  older  portion  of  the  cavern 
has  been  nearly  sealed  by  a  deep  deposit  of  mud  and  silt.  The  narrow 
passage  through  which  the  stream  normally  flows  is  about  15  feet  wide 
at  water  level  and  from  four  to  five  feet  high.  The  abandoned  portion  is 
unusual  in  that  the  ceiling  is  composed  of  a  double  arch.  This  passage 
is  about  30  feet  wide  and  eight  feet  high.  The  older  route  opens  into 
a  collapsed  room  at  3,  where  flowstone  and  dripstone,  colored  with  clay, 
are  abundant. 

About  50  feet  upstream  from  3,  the  stream  cavern  assumes  a  flat- 
tened cylindrical  shape.  The  walls  are  roughened  by  solution  facets. 
A  large  room,  formed  by  the  collapse  of  the  roof  (4),  occurs  about 
430  feet  from  the  entrance.  The  room  is  roughly  circular,  with  a 
diameter  of  nearly  45  feet.  A  small  passage,  carved  in  gravels  which 
at  one  time  evidently  blocked  one  side  of  the  room,  leads  from  this  room 
on  the  north  side  and  ends  in  a  dry,  filled  cavern  (5)  as  large  as  the 
cavern  through  which  the  stream  flows.  The  surface  of  the  silt  and 
gravel  fill  is  only  two  feet  from  the  top  of  the  cavern,  but  the  depth 
to  which  the  bedrock  floor  is  buried  is  not  known.  The  silted  route  was 
explored  and  mapped  for  a  distance  of  300  feet  by  following  a  small 
channel  that  has  been  cut  into  the  compacted  mud  and  gravel.  Approxi- 
mately 200  feet  northeast  of  the  point  where  the  silted  passage  was  first 
entered,  the  silt  and  the  roof  meet,  and  further  exploration  is  impossible. 

The  main  river  cavern,  upstream  from  the  room  of  fallen  rock, 
gradually  assumes  a  shape  different  from  that  which  has  been  encoun- 
tered before.  Harder  layers  of  the  limestone,  often  associated  with 
some  scattered  chert,  form  a  series  of  projecting  ledges  on  the  sides  of 
the  passage.  Often  the  edges  of  the  ledges  are  worn  to  a  knife-edge. 
The  original  underground  passage  of  the  water  can  be  seen  plainly  in 
the  roof  of  this  portion  of  the  present  cavern.  This  early  passage  con- 
sists of  a  tube-like  route  or  "channel,"  the  floor  of  which  has  been 
dissolved  away  by  the  vadose  waters  in  their  effort  to  attain  their 
present  position  nearer  to  the  water  table.  The  side-walls  and  ceiling 
of  this  tube  have  been  remarkably  well  preserved  for  several  hundred 
feet  in  this  portion  of  the  cavern.  The  tube  does  not  exactly  parallel 
the  center  of  the  present  cavern,  but  swings  toward  the  outside  when 
the  large  cavern  bends  one  way  or  the  other.  In  other  words,  as  the 
cavern   was   enlarged   by  the  vadose   waters,  there  was   a  tendency  to 
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shorten  the  route  through  the  limestone.  Curves  were  made  more  abrupt 
and  not  so  sweeping.  At  D,  the  marking  in  the  ceiling  is  comparatively 
broad. 

A  beautiful  mass  of  rimstone  has  been  formed  at  6,  where  a  small 
tributary  tube-like  conduit  enters  the  river  cavern.  This  rimstone  has 
been  built  far  out  into  the  channel  through  which  flood  waters  pass,  and 
the  water  in  the  tributary  has  been  dammed,  forming  a  crystal-clear 
pool.  That  anything  as  frail  as  the  rimstone  should  have  withstood  the 
dissolving  action  of  the  waters  as  they  flowed  through  the  cavern  is 
quite  remarkable. 

About  50  feet  upstream  from  D,  the  cavern  again  divides,  and  the 
water  under  ordinary  conditions  flows  in  a  shorter  and  younger  route 
(7).  This  passage  is  from  two  to  three  feet  wide  and  three  feet  high. 
The  abandoned  portion  of  the  older  cavern  is  dry  except  for  a  pool  at 
the  point  where  it  curves  sharply  to  the  left  (8).  The  floor  of  the 
broader  passage  is  veneered  with  gravel,  and  at  the  pool  of  water 
several  large  blocks  of  rock  have  been  broken  from  the  wall  on  the 
inside  of  the  curve. 

At  9,  large  curtains  of  dripstone  hang  far  down  into  the  center  of 
the  cavern.  These  are  suspended  from  the  downstream  edge  of  a  dome- 
like opening  in  the  ceiling,  dissolved  probably  directly  beneath  a  solution 
depression  on  the  surface.  Immediately  west  of  this  drapery  stone,  one 
gains  access  to  a  small  alcove  (9)  by  climbing  up  a  mud  bank.  This 
was  at  one  time  apparently  a  tributary  cavern  which  fed  water  into 
the  main  route,  but  it  has  been  filled  completely  with  gravel  which  has 
been  cemented  tightly  subsequent  to  its  deposition.  More  recent  erosion 
by  the  flood  waters  has  removed  a  portion  of  this  fill  for  a  distance  of 
fifteen  feet  from  the  mouth  of  the  conduit,  and  one  stands  beneath  a 
ceiling  of  gravel.  The  immediate  origin  of  this  gravel  is  unknown.  It 
is  not  likely  that  the  gravels  were  carried  to  this  point  from  the  swallow 
holes  through  which  water  leaves  the  karst  valley  to  enter  the  head 
of  the  underground  passage.  It  is  more  likely  that  they  came  from  a 
sink  somewhere  near  the  one  which  has  been  responsible  for  the  draperies 
at  this  point. 

At  10  a  heavy  gravel  bar  appears  for  the  first  time  in  the  main 
runway  of  the  cavern  system.  This  bar  extends  from  10  to  11,  and  the 
water  is  confined  to  a  small  channel  during  low  water  conditions.  It 
is  this  bar  that  has  ponded  the  water  for  some  1,500  feet  upstream. 
At  10  several  ledges  of  limestone  bring  the  roof  abruptly  down  to  from 
two  to  three  feet  above  the  surface  of  the  gravel  bar.  The  gravel  bar 
probably  owes  its  existence  to  the  change  in  vertical  dimension  of  the 
cavern  at  this  point.  Flood  waters,  rushing  through  the  more  restricted 
portion  of  the  passage,  carry  the  gravels  to  the  point  where  the  ceiling 
rises  abruptly.  The  sudden  decrease  in  velocity,  due  to  the  expansion 
of  the  cavern  at  this  point  (10),  accounts  for  the  deposition  of  the 
gravels.  The  bar  extending  to  11  has  been  deposited  on  the  upstream 
side  of  the  barrier  at  10.  The  cross-section  at  E  shows  the  shape  and 
condition  of  the  cavern  in  this  stretch.  Exploring  and  mapping  become 
exceedingly  difficult  upstream  from  10,  since  one  must  walk  in  a  stooped 
position   almost   continuously   for    1,500    feet.      The   ceiling   beyond   this 
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gravel  bar  is  typically  a  corrasion  ceiling,  indicating  that  the  water 
must  completely  fill  this  portion  of  the  cavern  following  heavy  rains. 
The  worn  ceiling  is  flatly  arched  and  unusually  smooth. 

The  corraded  ceiling  extends  to  12,  where  it  changes  gradually  into 
a  rough,  slightly  faceted  surface.  This  was  at  one  time  evidently  a 
broadly-faceted  ceiling  with  sharp  horns  and  ridges  between  the  hollows, 
but  erosion  and  solution  have  partially  effaced  these  features  and  have 
subdued  all  angles.  At  12,  a  peculiar  situation  prevails.  It  is  a  gen- 
eral rule  that  water  on  the  outside  of  a  curve  in  a  stream  channel  is 
deeper  than  that  on  the  inside,  owing  to  the  greater  amount  of  deposi- 
tion on  the  inside  where  the  velocity  of  the  water  is  somewhat  checked. 
At  this  point,  the  water  is  far  deeper  on  the  inside  of  the  bend,  and  it 
is  necessary  to  hug  the  outer  wall  in  order  to  pass  this  point  without 
swimming,  even  when  low  water  conditions  prevail. 

The  subdued  facets  on  the  ceiling  persist  as  far  as  13,  where  the 
flat,  smooth,  corraded  type  of  roof  appears  again.  The  latter  type  con- 
tinues halfway  to  14,  then  the  facets  begin  to  appear  again.  At  14,  a 
small  tube  is  seen  in  the  center  of  the  cavern  roof,  and  from  it  is 
appended  a  broad  stalactite,  curved  slightly  in  a  downstream  direction 
near  the  lower  end.  The  hole,  from  which  issued  the  waters  which 
formed  this  stalactite,  faces  upstream.  Dr.  Malott,  upon  seeing  this 
feature  for  the  first  time,  very  aptly  named  it  the  "Lion's  Mouth."  A 
few  feet  upstream,  the  cavern  passage  again  assumes  a  height  sufficient 
to  allow  one  to  stand  erect. 

The  cross-section  G  shows  one  of  the  most  interesting  ornamental 
features  of  the  cavern.  This  is  a  bell-shaped  mass  of  flowstone  sus- 
pended in  the  center  of  the  passage  by  a  stalactitic  column  growing  from 
the  middle  of  the  ceiling  (Fig.  4).  The  lower  edges  of  the  flowstone  just 
touch  the  surface  of  the  water  during  low  water  conditions.     So  far  as 
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Fig.  4.  Diagrammatic  cross-section  of  the  cavern  at  G,  Fig.  1,  showing  the  char- 
acter of  the  flat  flowstone  cone  suspended  from  the  ceiling.  Note  the  hole  and  the 
low  mud   cone  around   its  upper  end. 
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the  writer  could  ascertain,  this  bell-shaped  formation  is  hollowed  out 
to  some  extent  on  the  inside,  and  does  not  rest  at  any  place  upon  the 
gravel  which  veneers  the  floor.  However,  the  cavern  at  this  point  shows 
unmistakable  signs  of  having  been  filled  several  feet  above  the  bedrock 
floor  at  some  time  during  its  development.  The  flowstone  mass  was 
probably  built  upon  a  higher  portion  of  the  gravel  bar.  Subsequent 
erosion  has  removed  the  gravel  and  has  left  the  flowstone  suspended 
above  the  water.  The  surface  of  this  feature  is  indented  in  several 
places  by  pits  surrounded  by  low  walls  of  rimstone.  In  one  place,  a 
hole  pierces  the  entire  thickness  of  flowstone  (Fig.  4).  A  small,  low 
cone  of  mud  has  been  formed  at  the  mouth  of  this  hole.  The  writer  is 
unable  to  explain  this  phenomenon,  but  it  is  certainly  associated  with 
muddy  flood  waters  in  the  cavern. 

The  main  subterranean  passage  begins  to  branch  into  its  many 
tributaries  about  150  feet  upstream  from  the  flowstone  described  above. 
At  15,  great  deposits  of  flowstone  have  been  formed,  reaching  from  the 
floor  of  the  cavern  to  the  ceiling  12  feet  overhead.  The  small  tube 
entering  on  the  north  side  of  the  passage,  which  has  been  responsible 
for  the  most  massive  accumulation  of  flowstone,  enters  the  side  of  the 
cavern  near  the  roof,  and  the  stream  of  water  which  flows  in  the  tube 
even  during  dry  seasons  falls  behind  the  flowstone  mass  and  enters  the 
main  stream  channel  at  floor  level.  Just  upstream  from  this  point, 
there  is  some  good  evidence  that  this  portion  of  the  cavern  was  at  one 
time  partially  filled  with  gravels.  Here  a  flowstone  accumulation  projects 
into  the  passage  from  the  north  side  as  a  ledge,  the  bottom  of  which, 
four  and  one-half  feet  above  the  bedrock  floor  of  the  cavern,  is  covered 
with  the  coarse  cemented  gravels  that  are  so  characteristic  elsewhere 
in  the  underground  route.  This  undermined  cone  of  flowstone  was  prob- 
ably formed  upon  the  surface  of  the  flat  gravel  fill  during  some  earlier 
stage  of  development,  and  the  detrital  material  has  since  been  removed 
from  beneath  it. 

The  largest  of  the  tributary  passages  leading  from  the  main  stream 
route  is  the  one  indicated  by  16.  This  cavern  is  six  feet  wide  in  the 
lower  portion,  and  is  partially  filled  with  coarse  rubble  composed  of 
gravels  from  the  surface  and  blocks  collapsed  from  the  ceiling.  Several 
small  conduits  of  a  tube-like  nature  enter  this  tributary  from  each  side, 
several  of  which  were  explored  but  not  mapped,  owing  to  the  lack  of 
room.  A  strong  draft  in  this  portion  of  the  cavern  indicates  that  it 
has  a  direct  connection  with  the  swallow  holes  in  the  floor  of  the  karst 
valley  on  the  surface.  Roots  can  be  seen  penetrating  the  cavern  through 
the  joints  and  bedding  planes  of  the  rock.  In  one  instance,  the  explor- 
ing party  noticed  a  small  root  hanging  from  the  end  of  a  stalactite. 
Upon  examination  it  was  found  that  the  dripstone  has  been  built  about 
the  root,  which  seemed  to  serve  as  a  nucleus  around  which  the  calcium 
carbonate  was  deposited.  At  the  lower  end  of  the  passage  (16),  cars 
can  be  heard  passing  overhead  upon  the  Paoli  road.  Certainly  the  roof 
of  this  portion  of  the  cavern  is  separated  from  the  surface  of  the  karst 
valley  by  only  10  to  15  feet  of  St.  Genevieve  limestone. 

A  fourth  instance  of  underground  diversion  is  noted  where  the 
waters  have  abandoned  their  older  passage    (17)    and  have  taken  to  a 


158  Proceedings  of  Indiana  Academy  of  Science 

newer  route  (18).  The  abandoned  passage  is  filled  with  rimstone  to 
such  a  depth  that  progress  through  this  route  can  be  made  only  by 
crawling  over  the  sharp  edges  of  the  calcareous  rims  which  form  the 
basins  where  the  water  at  one  time  collected,  The  newer  channel  (18) 
is  rather  restricted  in  the  upper  half,  where  the  ceiling  is  only  a  little 
over  one  foot  above  the  surface  of  the  waist-deep  water. 

The  two  passages  described  above  converge  at  19  and  form  a  room 
30  feet  in  diameter,  into  which  enter  two  restricted  tube-like  conduits 
and  the  larger  passage,  designated  as  20  on  Fig.  1.  This  last  division 
of  the  cavern  is  quite  narrow  and  low,  but  it  seems  to  be  the  principal 
route  by  which  water  is  fed  into  the  "Old  Town  Spring"  cavern  from 
the  surface. 

Some  children  of  the  neighborhood  report  that  egress  from  the 
cavern  has  been  made  through  a  hole  which  opens  to  the  surface  in  the 
bottom  of  a  swallow  hole  depression.  The  writer  could  find  no  such 
opening.  However,  there  is  a  strong  current  of  air  in  several  of  the 
tubes  which  drain  the  swallow-holes  in  the  karst  valley  above,  but  it 
is  probable  that  the  holes  are  filled  to  a  great  extent  with  debris.  The 
writer  and  his  associates  found  tin  cans,  dolls'  heads,  old  shoes  and  like 
debris  in  the  gravels  toward  the  head  of  the  passage  numbered  16,  so 
the  holes  through  which  the  surface  water  sinks  to  its  lower  level  must 
be  large  enough  to  admit  such  objects  as  these. 

Summary  and  Conclusion 

The  "Old  Town  Spring"  cavern  at  Marengo,  Indiana,  exhibits  many 
interesting  features  intimately  connected  with  the  development  of  cav- 
erns in  limestone  regions.  The  explored  portion  of  the  cavern  system 
can  be  divided  into  three  distinct  divisions,  each  with  its  particular 
characteristics.  The  lower  portion  of  the  cavern  is  characterized  by  a 
comparatively  high  ceiling,  rock  floor  with  few  gravel  and  mud  deposits, 
three  diversion  routes  which  the  low-water  stream  follows,  little  orna- 
mentation, and  an  abundance  of  solution  facets  on  every  surface  of  lime- 
stone exposed  to  the  action  of  the  vadose  waters.  The  middle  division 
of  the  cavern  is  characterized  by  the  comparatively  low  ceiling  which 
shows  unmistakable  signs  of  corrasion,  the  water  ponded  behind  the 
heavy  gravel  bar  at  the  lower  end  of  the  division,  total  lack  of  ornamen- 
tal stone,  and  the  heavy  deposits  of  mud  both  above  and  below  the  sur- 
face of  the  water.  The  upper  division  of  the  underground  passage  is 
characterized  by  the  rock  floor,  the  great  amount  of  flowstone  and  drip- 
stone, the  relatively  high  ceiling,  and  the  anastomosing  and  branching 
tributaries  through  which  the  waters  from  the  karst  valley  above  reach 
the  main  cavern  passage. 

The  presence  or  absence  of  dripstone  and  flowstone  seems  to  be  due 
in  part,  at  least,  to  the  thickness  of  the  limestone  which  separates  the 
roof  of  the  cavern  from  the  surface  of  the  land  above.  Accordingly, 
the  lower  division  does  not  have  much  dripstone,  except  quite  near  the 
mouth.  The  middle  division,  which  is  farthest  underground,  has  no 
ornamental  stone  whatsoever,  although  this  fact  may  also  be  due  in 
part  to  the  fact  that  the  waters  fill  this  portion  of  the  cavern  to  the 
roof  in  times  of  heavy  rainfall.     The  upper  division  of  the  cavern  is 
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developed  only  15  feet  or  slightly  more  beneath  the  surface  of  the  karst 
valley  above,  and  as  a  result,  there  are  great  deposits  of  both  dripstone 
and  flowstone.  Rimstone  has  also  been  extensively  developed  in  this 
portion  of  the  cavern. 

The  development  of  caverns  similar  to  the  one  described  in  this 
paper  seems  to  be  divided  into  two  stages:  the  formation  of  primitive, 
tube-like  or  flat  routes  of  movement  through  solution  of  the  limestone 
by  percolating  waters  below  the  water  table;  and  the  invasion  and 
further  development  of  these  early  passages  by  vadose  waters,  after 
the  water  table  has  fallen  below  the  primitive  channels  of  movement.  In 
the  early  stages,  the  percolating  groundwater  has  more  opportunity  for 
solution  of  the  limestone  along  the  bedding  planes  and  joints,  since  move- 
ment of  water  within  the  rock  itself  is  certainly  so  slow  that  the  effects 
of  solution  could  not  be  readily  discerned.  An  anastomosing  network 
of  channels  is  surely  formed  by  the  groundwater  in  this  manner.  When 
the  land  is  elevated,  the  water  table  falls  below  the  series  of  interlacing 
routes,  and  the  vadose  waters  from  the  surface  begin  to  invade  these 
primitive  conduits,  in  their  attempt  to  reach  the  level  of  the  water 
table.  It  is  the  vadose  waters  that  are  probably  responsible  for  the 
greater  part  of  the  solution  that  accompanies  the  development  of  river 
caverns  in  limestone  regions.  The  floor  of  the  primitive  tubes  is  first 
attacked,  and  gradually  the  water  works  its  way  downward. 

A  few  features  in  the  "Old  Town  Spring"  cavern  seem  to  add  to 
the  evidence  in  favor  of  such  a  theory  of  development  as  the  one  out- 
lined above.  The  primitive  stage  is  represented  by  the  tubular  marking 
in  the  ceiling  through  several  hundred  feet  of  the  lower  portion  of  the 
cavern.  The  sides  and  top  of  this  primitive  conduit  have  been  well- 
preserved,  but  the  vadose  waters  which  invaded  the  cavern  system  in 
the  later  stage  have  developed  a  wide  cavern  opening  below  this  primi- 
tive route,  as  they  sank  toward  the  water  table.  This  tubular  primitive 
route  of  water  movement  is  slightly  longer  than  the  present  channel. 
Another  portion  of  the  cavern  system  that  is  also  primitive  is  the  exten- 
sion of  the  channel  designated  in  Fig.  1  by  20.  This  portion  beyond  the 
explored  stretches  of  the  cavern  was  not  followed  for  any  great  distance 
because  of  the  fact  that  the  route  was  nearly  filled  with  water  during 
low  water  conditions.  This,  then,  is  a  more  or  less  primitive  portion, 
at  or  near  the  water  table,  and  undoubtedly  the  upper  part  of  it  would 
illustrate  the  type  of  passage  formed  by  the  percolating  ground  water, 
were  it  accessible.  The  explored  portion  of  this  cavern  system  has  been 
formed  by  the  vadose  waters  which  invaded  the  primitive  cavern  system 
from  the  karst  valley.  This  postulation  is  given  support  by  the  great 
height  of  the  passage,  as  contrasted  with  the  small,  low  passages  through 
which  waters  below  the  water  table  would  flow.  Further,  the  solution 
facets,  which  occur  in  such  profusion  in  the  lower  part  of  the  cavern, 
have  been  formed  by  the  invading  surface  waters  as  they  developed  the 
cavern   system. 

The  several  diversion  routes  which  the  waters  follow  in  this  small 
cavern  indicate  a  tendency  to  shorten  the  route  through  which  the  sur- 
face waters  pass  underground.  These  diversion  passages  are  all  appar- 
ently younger  than  the  larger  portion  of  the  cavern,  although  they  may 
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have  originated  as  pasages  formed  below  the  water  table,  and  were 
invaded  only  after  the  vadose  waters  had  reduced  the  floor  of  the  cavern 
to   a   level   sufficiently  low  to   allow  the  waters  to   pass  through  them. 

The  cavern  described  presents  evidence  in  a  few  places  that  it  was 
at  one  time  partially  filled  with  gravels  above  the  bedrock  floor.  At 
present,  there  is  some  filling  in  the  middle  division,  but  the  evidence  of 
former  filling  is  found  in  the  upper  division.  At  G,  the  large  flowstone 
cone  was  probably  deposited  upon  a  gravel  fill,  which  has  subsequently 
been  removed  to  a  great  extent,  and  this  ornamental  feature  now  is 
suspended  by  a  column  from  the  ceiling  above  the  thinly-veneered  floor 
of  the  cavern.  Near  15,  a  flowstone  deposit  forms  a  projecting  ledge, 
the  bottom  of  which  is  coated  with  cemented  gravels.  This  was  probably 
also  deposited  upon  a  gravel  fill,  the  surface  of  which  stood  at  least  four 
and  one-half  feet  above  the  present  bedrock  floor  of  the  cavern.  Dr. 
Malott  states1  that  he  has  never  seen  a  cavern  in  which  a  river  is 
running  which  did  not  present  some  evidence  that  it  had  at  one  time 
been  filled  to  some  extent. 

The  "Old  Town  Spring"  cavern  is  a  fine  example  of  a  cavern  devel- 
oped under  the  control  of  joints  in  limestone.  The  dip  of  the  strata  in 
this  region  is  toward  the  southwest.  Fig.  1  shows  that  the  principal 
trend  of  the  cavern  is  in  a  northwest  and  southeast  direction,  or  along 
the  strike  of  the  rocks.  It  can  be  seen  that  the  strike  joints  in  the  St. 
Genevieve  limestone  played  the  most  important  part  in  the  development 
of  this  route,  although  the  dip  joints  also  directed  the  flow  of  the  waters 
in  a  northeast  and  southwest  direction.  In  the  upper  part  of  the  cavern 
the  water  follows  joints  in  an  up-dip  direction,  while  farther  along  the 
down-dip  direction  is  followed.  The  mean  position  is  almost  exactly 
parallel  with  the  strike  joints.  The  cavern,  it  may  be  noted,  is  in  places 
so  widely  developed  that  little  relation  of  the  direction  may  be  apparent. 
This  is  characteristic  of  caverns  which  have  passed  their  earlier  stages 
of  development. 

1  Personal   communication. 
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Southern  Indiana  is  indeed  rich  in  the  features  of  karst.  The  lime- 
stone belt  of  the  St.  Louis-St.  Genevieve  formations,  extending-  in  a 
general  north-south  direction  in  the  middle  southern  part  of  the  state, 
contains  splendid  examples  of  subsurface  drainage  in  all  stages  of  de- 
velopment. In  the  past  few  years  there  have  appeared  several  articles 
on  karst  in  the  Proceedings  of  this  Academy.  The  bulk  of  this  work 
has  been  contributed  by  Dr.  C.  A.  Malott  of  Indiana  University  or  by 
students  of  his.  It  was  at  the  suggestion  of  Dr.  Malott  that  this  author 
began  his  study  of  the  problem  herein  presented.  The  writer  here  wishes 
to  acknowledge  his  indebtedness  to  Dr.  Malott  for  his  kindly  help  and 
suggestions. 

The  writer  believes  that  the  feature  to  be  described  in  this  paper  is 
more  unusual  in  occurrence  and  more  special  in  its  development  than 
the  general  run  of  karst  features. 

The  most  common  of  all  surface  features  of  the  karst  plain  is  the 
sinkhole  depression.  Sinkhole  depressions  mark  the  surface  by  the 
thousands.  As  depressions,  they  are  all  much  alike  but  differ  in  size, 
in  depth,  and  in  certain  other  characteristics.  It  appears  that  the 
greater  number  by  far  are  of  solutional  origin. 

It  is  a  well-known  fact  that  water  passes  down  through  the  soluble 
limestone  into  the  underground  conduits  which  have  been  dissolved  out 
by  the  slightly  acid  ground  waters  percolating  along  joints  and  bedding 
planes.  The  water  seeps  downward  and  removes  part  of  the  country 
rock,  and  funnel-shaped  basins  are  produced  on  the  surface.  The  small 
ones  are  only  a  few  feet  or  yards  across  and  relatively  deep,  but  once 
formed  they  are  subjected  to  continued  surface  solution  and  become 
opened  up  to  wide,  saucer-like  depressions. 

Holes  in  the  bottoms  of  the  broad,  saucer-shaped  sink-holes  are  often 
so  small  or  so  masked  by  washed-in  soil  and  debris  that  they  are  not 
noticeable  to  the  observer  at  the  surface.  This  type  of  sinkhole  depres- 
sion rarely  or  never  reveals  caverns  or  openings  sufficiently  large  to 
permit  entrance  below. 

Entrance  to  caverns  is  often  gained  through  sinkholes  which  bear 
evidence  of  having  been  formed  wholly  or  in  part  by  collapse.  Such 
sinkhole  depressions  occasionally  open  directly  into  a  cavern,  but  as  a 
rule  they  are  either  closed  or  have  incidental  openings  among  the  col- 
lapse debris,  through  which  the  underlying  cavern  may  be  reached.  Fre- 
quently such  openings  incline  into  the  cavern  at  a  fairly  steep  angle. 

It  might  be  well  to  bear  in  mind  that  only  a  small  percentage  of 
sinkhole  depressions  are  in  a  position  where  they  could  have  been  formed 
by  collapse.     Most  sinkholes  are  not  in  close  proximity  to  underground 
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routes  of  consequence,  and  their  drainage  enters  the  major  systems 
through  tubes  developed  along  joints  and  bedding  planes.  Thus  the 
majority  of  sinkhole  depressions  do  not  have  the  opportunity  to  develop 
their  drainage  routes  to  proportions  that  permit  collapse. 

Sinkholes  which  happen  to  be  developed  above  major  underground 
routes  or  above  caverns  vacated  by  former  underground  streams  are  the 
most  subject  to  collapse.  Here  surface  solution  is  augmented  by  the 
falling-in  of  the  weakened  rock  from  below    (see  A,  Fig.  1). 
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Fig.   1. 
A,   Initial   stage.      Cross   section    parallel   to   flow   of  water. 
B     Inteimediate    stage.      Cross    section    showing    collapse    of    roof    rock. 
C,   Karst    window.      Feature    with    debris  •  removed    and    opening   widened    by   weather- 
and   ero:  ion. 


Under  certain  conditions,  a  sinkhole  depression  formed  largely  by 
collapse  may  be  greatly  enlarged  by  the  forces  of  weathering  and  ero- 
sion, until  in  time  it  may  reach  such  proportions  and  such  characteris- 
tics that  the  term  gulf  is  used  to  designate  the  feature.  Since  karst 
gulfs  are  closely  related  to  the  type  of  feature  described  in  this  paper, 
it  is  necessary  to  call   attention  to  their  characteristics. 

The  rather  large  depressions  known  as  gulfs  in  the  Lost  River 
region  of  southern  Indiana  appear  to  have  had  their  beginnings  in  col- 
lapse depressions  located  over  underground  streams,  and  in  their  earlier 
stages  were  but  little  more  than  collapse  sinkhole  depressions.  Through 
continued  enlargement  or  growth,  they  developed  such  characteristics 
that  the  common  term  of  sinkhole  does  not  seem  applicable  to  them. 
The  term  has  been  used  for  many  years  by  the  local  residents  of  the 
Lost  River  region  to  designate  a  steep-walled  depression  possessing  an 
appreciable  alluviated  floor  in  which  the  waters  of  a  subterranean  stream 
rise,  and  again  enter  the  subsurface  system.      Malott  used  the  term  in 
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this  technical  sense  in  his  recent  paper  on  the  Lost  River  region1,  thus 
placing  it  in  the  karst  nomenclature. 

In  speaking  of  gulfs  in  this  same  paper,  Dr.  Malott  brings  in  another 
feature.     The  following  quotation  is  taken  from  this  work. 

"The  term  [gulf]  does  not  appear  to  have  been  applied  to  the  un- 
roofed section  of  an  underground  stream  which  flows  out  of  an  open 
cavern  and  across  an  open  space  and  thence  into  an  open  cavern  on  the 
other  side.  No  name  appears  to  have  been  given  to  this  latter  feature, 
though  it  is  a  relatively  common  karst  feature.  I  would  suggest  karst 
fenster,  or  karst  window" 

There  seems  to  have  been  no  one  who  has  made  use  of  this  term 
since  it  was  suggested,  nor  does  there  seem  to  be  any  other  term  in 
the  literature  for  this  feature.  For  this  reason,  the  present  writer 
desires  to  enlarge  somewhat  upon  the  brief  definition  given  in  the  Lost 
River  paper,  in  the  hope  that  it  may  find  its  way  into  general  usage. 

A  karst  window,  in  the  sense  that  it  was  originally  proposed  and  in 
the  sense  that  the  present  writer  intends,  applies  to  the  surface  depres- 
sion made  where  a  brief  section  of  a  cavern,  preferably  with  a  stream, 
has  been  unroofed. 

The  original  definition  stated  that  the  waters  of  the  underground 
stream  leave  an  open  cavern,  flow  at  the  surface,  and  again  enter  the 
subterranean  passages  through  an  open  cavern.  However,  Dr.  Malott 
and  the  writer,  through  personal  communication  have  agreed  that  the 
definition  should  be  altered  so  as  not  to  restrict  the  term  to  only  those 
features  possessing  open  caverns.  There  seems  to  be  no  valid  reason 
for  making  a  distinction  simply  because  in  one  case  the  stream  emerges 
into  the  open  and  then  disappears  through  open  caverns,  while  on  the 
other  hand  the  openings  are  blocked  or  partly  blocked  by  rubble.  This 
very  minor  change  in  nowise  detracts  from  the  fact  that  this  feature 
is  a  distinct  physiographic  form  and  as  such  is  worthy  of  a  name. 

It  does  not  appear  necessary  to  give  definite  descriptive  limits  to 
the  karst  window  form.  It  is  rather  a  type  of  karst  feature.  It  is 
a  short  exposure  of  an  underground  stream  or  stream-way  in  a  more 
or  less  steep-sided  depression.  It  is  usually  a  little  longer  than  wide. 
If  such  a  depression  has  abrupt  sides  and  a  flat  alluvial  floor,  it  may  be 
called  a  gulf.  A  gulf  is  then  a  karst  window  in  an  advanced  stage  of 
development,  and  thus  falls  in  with  this  type  of  karst  feature.  The 
gulf  itself  may  be  included  as  one  of  the  varieties  of  karst  windows. 

But,  while  the  gulf  may  be  a  late  stage  of  karst  window,  it  does 
not  necessarily  hold  that  every  karst  window  will  become  a  gulf.  Exten- 
sive unroofing  along  the  route  of  an  underground  stream  will  destroy 
the  karst  window  (and  the  gulf  as  well)  as  a  distinct  physiographic 
form  and  initiate  the  valley  form  in  its  stead. 

Intermittent  collapse  along  a  shallow  cavern  route  may  result  in 
tunnel-sections  which  occasionally  produce  the  topographic  form  known 
as  the  natural  bridge.  This  is  beautifully  illustrated  by  the  Lytton's 
Natural  Bridges  near  McCormick's  Creek  State  Park,  where  two  closely- 


1  Malott,    C.   A.      Lost  River  at  Wesley   Chapel   Gulf,   Orange   County,   Indiana.      Proc. 
Ind.   Acad.    Sci.   41:285-316.     1931. 
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Fig-.   2.     Topographic   map    of   Twin    Caves    at    Spring 
diana.      This   is  the   type   karst   window. 


State   Park,    Mitchell,    In- 


spaced  karst  windows  are  responsible  for  the  intervening  bridges.  In 
the  final  stage,  the  bridge  and  tunnel  form  give  way  to  the  valley  form." 

From  the  above  data  the  present  writer  derives  the  following  defini- 
tion: A  karst  window  is  a  negative  feature,  typically  a  steep-walled, 
V-shaped  depression,  with  the  waters  of  an  underground  stream  emerg- 
ing at  one  end,  flowing  over  the  floor,  and  disappearing  into  the  inter- 
rupted cavern  system  at  the  other  end.  It  does  not  seem  appropriate 
to  call  a  depression  with  such  characteristics  by  the  general  name  of 
sinkhole.  To  strengthen  the  statement  that  the  karst  window  is  a  dis- 
tinct form,  a  partial  list  of  such  features  to  be  found  in  the  cavern 
districts  of  Indiana  is  here  set  forth : 

The  two  karst  windows  at  Lytton's  Natural  Bridges;  Patten  Spring 
and  Harden  Spring  in  Sinking  Creek  karst  valley,  north  of  Hardinsburg, 
Washington  County1;  at  least  four  karst  windows  in  the  region  of  the 
headwaters  of  Stamper's  Creek,  east  of  Millersburg  in  Orange  County; 
and  Blue  Spring,  Owen  County,  sec.  14,  T.  9  N.,  R.  3  W.  (about  five 
miles  west  of  Ellettsville) . 


Robt.    E.       Underground    Features    of    Sinking    Creek,    Washington    County, 
Indiana.     Proc.    Ind.    Acad.    Sci.    41:263-268.      1932. 

2  Addington,    Arch.      Lytton's    Natural    Bridges    and    Closely    Associated    Phenomena, 
Eastern  Owen   County,   Indiana.      Proc.   Ind.   Acad.   Sci.   37:143-151.     1927. 
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Twin  caves  at  Spring  Mill  State  Park  is  the  classic  example  of 
the  karst  window.  Bronson  Cave,  which  is  about  300  yards  from  Twin 
Caves,  is  another  excellent  example  of  a  karst  window.  Twin  Caves 
was  formed  by  the  collapse  of  the  roof  rock  of  the  underground  stream 
now  exposed.  The  stream  is  exposed  for  about  225  feet  and  flows  in 
a  northerly  direction.  The  depression  is  about  50  feet  deep.  In  places 
the  sides  slope  back  rather  gently  into  the  upland.  The  walls  about 
the  cavern  openings,  particularly  the  northern  one,  are  perpendicular. 
In  all  likelihood,  all  of  the  collapsed  roof  rock  has  been  removed.  Such 
unconsumed  rock  as  may  be  at  the  bottom  of  the  depression  has  fallen 
from  the  wralls  more  recently.  There  is  no  well-developed  alluvial 
floor   (see  Fig.  2). 

Peacher's  Cave,  three  and  one-half  miles  southwest  of  Orleans, 
Orange  County,  is  typical  of  the  intermediate  stage  (see  B,  Fig.  1). 

In  conclusion,  the  author  wishes  to  point  out  the  inadequacy  of  the 
term  sinkhole  in  form  depiction.  It  may  be  a  mere  karst  hole  or 
variety  of  depression,  leaving  little  idea  of  size,  shape,  or  method  of 
development.  It  is  hoped  that  the  term  karst  window,  as  described  in 
this  paper,  will  serve  to  give  a  more  definite  conception  of  the  form, 
the  characteristics  and  development  of  a  karst  feature  which  is  too 
special  to  be  included  under  the  term  sinkhole. 
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Viva  D.  Martin,  Arsenal  Technical  Schools,  Indianapolis 

The  Ginkgo  Petrified  Forest  is  among  the  recent  discoveries  of 
petrified  wood.  The  area  is  now  being  considered  for  a  national  monu- 
ment. Some  eight  years  ago,  students  of  the  State  Teachers'  College 
at  Ellenburg,  Washington,  working  along  the  Columbia  River  in  the 
vicinity  of  Vantage,  discovered  numerous  loose  fragments  of  petrified 
wood.  These  specimens  attracted  special  attention  because  of  the  perfec- 
tion of  the  preservation  of  the  wood  structure.  Many  slides  were  made 
from  these  loose   specimens  and  carefully  studied. 

Not  until  three  years  later  was  any  of  the  wood  found  in  place. 
Then  a  log  was  discovered  along  a  coulee,  protuding  from  a  solid  lava 
flow.  This  discovery  stimulated  further  search,  and  at  the  present  time 
about  3,000  logs  have  been  catalogued  and  about  121  partially  excavated, 
so  that  they  are  open  for  public  inspection.  It  is  estimated  that  there 
are  about  10,000  logs  in  the  11,000  acres  which  have  been  set  aside  for 
a  national  monument.  Some  200  varieties  of  trees  have  been  identified 
including  the  maple,  elm,  laurel,  oak,  bay,  Douglas  fir,  hawthorn,  and 
the   rare    Chinese    Ginkgo   tree,   from   which   the   area   takes   its   name.1 

The  logs  of  this  area  display  several  features  of  peculiar  interest. 
The  replacement  has  been  especially  perfect.  The  cellular  structure  of 
the  wood  is  far  more  accurately  preserved  than  in  most  of  the  logs  of 
the  Arizona  Petrified  Forest.  This  condition  has  made  possible  accurate 
identification  of  the  species  of  trees  preserved.  The  colors,  however, 
are  quite  subdued,  in  many  cases  simulating  so  closely  that  of  the  original 
trees  as  to  be  almost  deceiving.  Some  of  the  replacement  is  agate  but 
not  the  major  part.  The  logs  lie  in  a  porous  lava  flow  some  thirty  feet 
in  thickness.  None  of  the  logs  are  found  rooted  and  few  approach  a 
vertical  position.  Observation  showed  a  dip  of  the  trunks  of  from  5° 
to  45°,  with  the  largest  number  about  20°.  The  dip  was  uniformly  to 
the  north,  some  slightly  northwest,  some  northeast.  Few  of  the  logs 
showed  signs  of  decay  and  none  of  charring.  Beneath  the  lava  flow  in 
which  the  trees  are  found  are  about  twenty  feet  of  lake  silts  which 
in  turn  lie  on  a  lava  flow.  Fossils  and  leaf  imprints  are  found  in  these 
lake  silts. 

The  course  of  events  suggested  is  as  follows:  The  irregular  surface 
of  the  cooled  lava  gave  rise  to  small,  scattered  lake  beds  in  which  silt 
collected.  Trees  grew  along  the  shores  of  these  lakes  and  due  to  natural 
accidents,  many  eventually  fell  into  the  water  by  which  they  were  pre- 
served from  rapid  decay.  Later,  another  lava  flow  from  fissures  to 
the  north  poured  over  the  area  pushing  the  logs  in  the  lake  in  front  of 

1  The   identification   of   the   species   of   trees   was   made   by    George    S.    F.    Beck,   of   the 
State   Teachers'    College,    Ellenburg,    Washington. 
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the  flow  and  finally  engulfing  them  at  the  south  end  of  the  lake  basin. 
The  water-logged  condition  of  the  trees  prevented  charring  by  the  hot 
lava.  Erosion  formed  coulees,  which,  deepened  by  glacial  waters,  cut 
through  the  lava  flows  and  exposed  the  logs  which  had  experienced  petri- 
fication in  the  interim.  These  lava  flows  and  lake  silts,  in  the  relation 
indicated,  are  nicely  exposed  by  a  section  along  the  coulee  wall  toward 
the  west  part  of  the  area.  Other  areas  of  petrified  wood  have  been 
discovered  in  the  general  vicinity,  and  in  each  case  the  same  relation 
of  lavas  and  lake  silts  exists2. 

[Note. — The  spelling,  Ginkgo,  is  the  one  given  preference  in  Web- 
ster's Dictionary  and  generally  used  by  botanists.  Mrs.  Martin  reports, 
however,  that  the  alternate  spelling,  Gingko,  is  employed  in  the  official 
designation  of  the  area. — Editor.] 

-  The   author   is   indebted   for   the   facts   concerning   structural   relations   to   Mr.    T.    H. 
Frichett,   now  in  charge  of  the   area. 
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REGIONAL  CONTRASTS  IN  DEATH  RATES  IN 
INDIANA   (STUDY  No.  3) 


Stephen  S.  Visher,  Indiana  University 


In  the  Proceedings  of  the  Indiana  Academy  of  Science  for  1923 
(pp.  55-61)  the  present  writer  discussed  "Geographic  variations  in  Indi- 
ana in  typhoid,  tuberculosis,  cancer,  and  in  total  deaths,"  using  data  for 
1917-1921.  In  the  Proceedings  for  1924  (pp.  154-156)  the  deaths  from 
pneumonia  and  of  infants  were  studied  and  mapped  by  counties.  The 
contrasts  among  the  months  in  the  number  of  deaths  from  each  of  six 
diseases  were  also  graphed. 

In  the  present  study  especial  attention  is  paid  to  (a)  the  regional 
contrasts  in  deaths  from  various  important  causes  of  death,  (b)  con- 
trasts in  death  rates  in  rural  and  urban  centers,  and  (c)  negro  mortality 
compared  with  white  mortality.  The  data  used  are  those  of  the  State 
Board  of  Health  for  1925-1932.  Some  changes  in  the  death  rates  between 
1917-1921  and  1925-1932  are  pointed  out. 

The  marked  regional  contrasts  in  death  rates  for  the  six  years  1927- 
32,  inclusive,  for  the  main  regions  of  Indiana  are  revealed  by  Table  1. 
The  limits  of  the  six  regions  are  shown  in  Fig.  1,  which  also  shows  the 
county  death  rates  for  typhoid.  Briefly,  northern  Indiana  includes  the 
northern  18  counties,  north  of  the  upper  stretches  of  the  Wabash  River, 
and  also  north  of  the  41°  parallel.  Central  Indiana  includes  the  40 
central  counties,  down  to  approximately  the  latitude  of  39° 30'.  Southern 
Indiana  includes  34  counties,  subdivided  into  the  Wabash  lowland  (10 
counties),  south-central  Indiana  (12  counties),  and  southeastern  Indiana 
(12  counties). 

These  figures  show  that  in  deaths  from  three  important  causes, 
tuberculosis,  typhoid,  and  of  children  less  than  a  year  old,  there  is  a 
regular  increase  from  northern  to  central  to  southern  Indiana.  On  the 
other  hand,  there  is  a  decline  southward  in  the  number  of  deaths  from 
cancer.      In    deaths    from    all    causes,    including    accidents,    the    rate    is 

Table  1.     Indiana— Average  Annual  Death  Rates  (1927-1932) 


Tuberculosis,  Typhoid, 

Cancer  (Per  100,000 

population) 

Infant 
Mortality 
(Per  1,000 

births) 

Death  Rate 
(all  causes) 
(Per  1,000 

pop.  1925-32 

Northern  Indiana 

Central  Indiana 

45.3 
57.5 
70.0 
64.0 
70.5 
73.8 

1.4 
2.  2 
7A) 
4.4 
10.6 
6.0 

116.9 

106.5 

97.1 

90.5 

88.4 

112.3 

52.1 
57.5 
60.8 
64.1 
60.0 
58.3 

11.8 
12.2 

Southern  Indiana 

Wabash  Lowland 

South  Central  Indiana 
South  Eastern  Indiana 

12.1 
11.5 
11.8 
13.0 
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lowest   at  the   north,  but   is   slightly  lower  in   southern   than   in   central 
Indiana. 

Among  the  three  subregions  of  southern  Indiana,  there  is  a  regular 
increase  eastward  with  respect  to  tuberculosis,  and  for  deaths  from  all 
causes,  but  just  as  regular  a  decrease  with  respect  to  deaths  of  infants. 
South  central,  unglaciated,  Indiana  has  most  deaths  from  typhoid,  but 
fewest  from  cancer,  in  which  disease  southeastern  Indiana  is  higher  than 
any  other  part  of  the  state  except  northern  Indiana. 

Tuberculosis 

Tuberculosis  displays  such  sharp  geographic  contracts  that  the  map 
of  death  rates  from  this  cause  is  reproduced  as  Fig.  2.  In  addition 
to  the  steady  regional  increase  southward,  and  in  southern  Indiana  east- 
ward, shown  in  Table  1,  this  map  shows  the  average  death  rates  in  each 
county.  The  rate  is  highest  in  Jefferson  county  (152  per  year  per 
100,000  population)  and  is  over  100  per  100,000  in  four  other  southern 
counties — Crawford,  Scott,  Monroe,  and  Perry.  On  the  other  hand, 
the  rate  is  less  than  27  per  100,000  in  five  northern  counties.  The 
average  of  these  best  counties  is  less  than  one-fourth  the  rate  in  the 
five  counties  with  most  deaths. 


Fig.   1.     Regions     used     in     this     study.       Northern,         Fig.     2.     Tuberculosis    death     rate,     annual     average 
sntral,     and     Southern     Indiana.       Southern    Indiana     1927-1932. 
b-divided    into     Southwestern,     South     Central,     and 
lutheastern.       Shading    shows    typhoid    death    rates, 
inual  average  1927-1932.     Darkest  is  greatest. 
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The  southward  increase  in  deaths  from  tuberculosis  is  not  cor- 
related with  average  sunshine,  as  southern  Indiana  receives  more  sun- 
shine than  northern  Indiana  in  every  month  in  the  year,  and  in  the 
winter  it  receives  an  average  of  nearly  one-fourth  more  hours  as  well 
as  more  intense  sunlight  when  the  sun  does  shine.  Within  southern 
Indiana,  however,  the  amount  of  sunshine  is  somewhat  greater  at  the 
west  where  there  are  fewest  deaths  from  tuberculosis,  than  it  is  at  the 
east  where  the  death  rate  from  tuberculosis  is  the  highest. 

The  variation  in  tuberculosis  death  rates  appears  to  be  related  most 
closely  to  variations  in  the  general  well-being  of  the  people,  together 
with  variations  in  the  number  of  elderly  people.  The  percentage  of 
negroes  also  plays  a  part,  although  none  of  the  highest  five  counties 
contain  many  negroes.  The  counties  which  have  many  negroes  all  have 
higher  death  rates  from  tuberculosis,  however,  than  do  other  counties 
in  their  region.  In  northern  and  central  Indiana  the  death  rates  from 
tuberculosis  are  higher  in  counties  having  large  cities  than  in  rural 
counties.     In  southern  Indiana  this  relationship  is  not  evident. 

A  comparison  between  Fig.  2  and  the  map  showing  tuberculosis 
death  rates  for  an  earlier  period  (1917-21)  reveals  that  the  rate  for 
tuberculosis  has  declined,  but  that  there  has  been  only  minor  changes 
in  geographic  distribution. 

Typhoid  Fever 

Typhoid  death  rates  have  fallen  sharply  during  the  last  two  dec- 
ades, but  the  average  rates  remain  much  higher  in  southern  Indiana 
than  in  northern.  As  Table  1  shows,  the  average  rate  for  the  12  counties 
of  south-central  Indiana  is  over  seven  times  that  in  the  18  counties 
of  northern  Indiana.  The  counties  with  the  highest  rates  are  Crawford, 
Spencer,  Dubois,  and  Scott.  The  limestone  counties,  Monroe,  Lawrence, 
and  Orange  which  were  among  the  very  worst  counties  in  the  earlier 
study,  are  no  longer  ail  in  this  worst  group ;  the  Monroe  County  rate  has 
fallen,  but  nevertheless  it,  too,  has  death  rates  over  three  times  the  state 
average. 

Typhoid,  largely  a  disease  of  dirty  water,  reflects  poverty  and  lack 
of  proper  sanitation  and  water  supply.  It  is  also  spread  by  flies,  and  is 
most  abundant  following  the  season  of  most  flies,  and  in  regions  where 
screens  are  little  used.  Its  abundance  in  the  limestone  region  is  partly 
due  to  the  fact,  because  of  the  cavernous  openings,  there  is  little  filtra- 
tion of  water  which  flows  through  the  ground,  and  almost  all  springs 
and  wells  are  dangerous. 

Infant   Mortality 

The  death  rate  for  infants  under  one  year  is  expressed  in  deaths 
per  1,000  births.  As  revealed  in  Table  1,  the  rates  increase  southward, 
being  about  one-sixth  greater  in  southern  than  in  northern  Indiana, 
despite  the  fact  that  Lake  County  with  64.4  has  a  relatively  high  rate, 
notably  exceeded  by  only  some  12  counties  in  the  state.  The  worst 
county  in  infant  deaths  is  one  of  the  poorest  counties,  Martin,  with  a 
rate  of  80,  twice  the  rate  of  Marshall,  Wells,  and  Boone  counties.  Other 
bad  counties  are  Pike,  77;  Vigo,  7(5;  Knox,  73;  Clay,  71;  Henry,  71; 
Posey,  71 ;   and  Brown,  70. 
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Among  the  three  sub-regions  of  southern  Indiana,  relatively  most 
infants  die  in  the  western  section  and  fewest  in  the  eastern  section.  The 
best  southern  counties  in  this  respect  are  Ripley  and  Crawford,  both 
with  rates  of  about  47.  Ripley  County  is  relatively  important  in  the 
production  of  milk,  and  this  fact  may  help  explain  its  fewer  infant 
deaths. 

The  rates  in  the  more  densely  populated  counties  are  usually  higher 
than  in  neighboring  counties.  Exceptions  are  that  Allen  County's  rate 
is  less  than  that  of  two  adjacent  counties,  which  is  true  also  of  St. 
Joseph  County,  while  one  county  adjacent  exceeds  the  rates  of  Lake, 
Marion,  and  Vanderburgh  counties. 

Between  1920-22  and  1927-32  the  death  rate  of  infants  generally 
declined  in  the  poorer  counties  more  than  in  those  already  having  low 
rates  in  the  earlier  period.  The  poor  record  of  several  counties  in  the 
southwestern  quarter  of  the  state  is  made  increasingly  evident,  how- 
ever, by  improvement  in  various  northern  counties  which  had  relatively 
high  rates  in  the  earlier  period. 

Cancer 

The  regional  contrast  in  death  from  cancer  reveal  opposite  trends 
from  those  for  various  other  diseases,  decreasing  southward  instead  of 
increasing.  In  southern  Indiana,  the  rates  vary  irregularly,  southeastern 
Indiana  having  more  deaths  than  any  other  section  except  northern 
Indiana,  while  south-central  Indiana  has  fewer  than  any  other  large 
part  of  the  state. 

Possibly  the  southward  decrease  reflects  less  complete  medical  diag- 
nosis. Also,  possibly  the  people  of  southern  Indiana,  being,  on  the 
average,  poorer,  are  more  likely  to  die,  if  weakened  by  cancer,  of  some 
other  disease  before  the  cancer  develops  sufficiently  itself  to  cause 
death.  The  relatively  high  death  rate  from  cancer  in  southeastern 
Indiana  and  in  the  northeastern  quarter  of  the  state  may  be  partly  due 
to  the  large  number  of  elderly  people  there.  Both  of  these  sections 
have  declined  in  population  notably  during  recent  decades,  and  contain 
relatively  large  proportions  of  elderly  people. 

Vermillion  County  has  the  lowest  cancer  death  rate  (57)  and  Lake 
County  the  third  lowest  (66)  in  the  state;  less  than  two-thirds  the 
rate  in  most  counties.  This  low  rate  presumably  is  due  partly  to  the 
fact  that  there  are  relatively  few  elderly  people  in  these  counties.  More- 
over, the  cancer  rate  is  relatively  low  among  southern  European  stocks, 
and  such  people  make  up  a  large  share  of  the  people  of  Gary,  Hammond, 
and  East  Chicago.  Clinton,  the  chief  city  of  Vermillion  County,  has  so 
many  Italians  that  it  is  sometimes  spoken  of  as  ''Little  Italy."  They 
were  largely  attracted  by  opportunities  afforded  by  the  coal  mines. 

The  counties  with  highest  death  rates  from  cancer  are  Tippecanoe 
(164),  Steuben  (156),  Decatur  (150),  Kosciusko  (147),  Noble  (146), 
and  Floyd  (144).  Tippecanoe's  high  rate  is  partly  due  to  the  presence 
there  of  a  cancer  sanitarium. 

The  average  death  rate  from  cancer  increased  considerably  between 
1917-1920  and  1927-1932,  but  there  was  no  conspicuous  change  in  distri- 
bution. 
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Urban  and  Rural  Death  Rates  Compared 

During  the  seven  years,  1925-1931,  the  average  rural  death  rate 
in  Indiana  was  12.34,  while  the  urban  death  rate  was  12.74.  The  small 
advantage  of  the  rural  rate  can  easily  be  due,  however,  to  the  higher 
negro  death  rates,  since  most  Indiana  negroes  are  found  in  cities. 

The  rates  for  twelve  leading  cities,  average  1925-1931,  are  as  fol- 
lows: 

Anderson 12.2      Gary 11.9      Muncie 12.0 

East  Chicago.  .  .    9.7      Hammond    10.5      Richmond 10.4 

Evansville 12.5      Indianapolis    ...13.7      South   Bend    ...11.1 

Ft.   Wayne    12.0      Kokomo    10.5      Terre    Haute    ..14.2 

Hence,  of  the  twelve  largest  cities,  nine  have  death  rates  lower  than 
the  average  for  rural  districts.  The  three  cities  which  have  death  rates 
higher  than  those  in  rural  districts  (Indianapolis,  Evansville,  and  Terre 
Haute)  all  have  many  negroes.  The  exceptionally  low  death  rates  of 
East  Chicago,  Hammond,  and  even  of  Gary,  when  its  considerable  negro 
population  is  considered,  are  partly  due  to  the  large  percentages  of  their 
population  who  are  in  the  prime  of  life  and  physically  strong. 

Negro  Mortality 

The  death  rate  of  negroes  in  Indiana  is  nearly  twice  that  of  whites 
and  is  rising  slightly,  as  their  average  age  increases.  (There  was  a 
large  influx  of  young  adult  southern  negroes  during  the  World  War 
period  and  for  some  years  thereafter.)  Their  death  rates  from  tuber- 
culosis are  nearly  four  times  those  of  the  whites  (about  280  vs.  about 
70),  fully  three  times  as  high  for  pneumonia  (about  280  vs.  about 
90),  twice  as  high  for  typhoid,  about  fifty  per  cent  higher  for  infant 
mortality,  and  nearly  twice  as  high  for  maternal  deaths.  On  the  other 
hand,  negroes  have  lower  death  rates  for  cancer,  only  about  three- 
fourths  of  the  white  rate. 

Conclusion 

In  conclusion:  The  data  made  available  by  the  State  Board  of 
Health  on  the  causes  of  deaths  have  been  averaged  for  a  period  of 
several  recent  years  and  plotted  by  counties.  The  maps  of  death  rates 
from  tuberculosis,  typhoid,  cancer,  infant  mortality,  and  all  deaths  reveal 
notable  contrasts  among  the  counties.  For  tuberculosis,  typhoid,  and 
cancer,  some  counties  have  more  than  three  times  the  death  rate  of  other 
counties.  In  infant  deaths,  some  counties  have  twice  the  death  rates 
that  other  counties  have.  Even  in  deaths  from  all  causes,  the  better 
counties  have  less  than  two-thirds  the  death  rates  present  in  the  coun- 
ties with  highest  death  rates.  A  geographical  locating  of  these  con- 
trasted counties  facilitates  a  discussion  of  possible  causes  for  the  con- 
trasts. Comparisons  are  made  with  maps  made  in  the  same  way  for  an 
earlier  period  and  discussed  eleven  years  ago.  The  recent  maps  show 
approximately  the  same  contrasts  that  the  older  ones  showed,  indicating 
that  the  distribution  is  not  accidental. 

For  the  first  time,  the  average  death  rates  for  large  groups  of 
counties,   approximately   the   various   natural   regions   of   Indiana,   have 
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been  worked  out.  In  general  the  18  counties  of  northern  Indiana  have 
the  lowest  death  rates,  the  40  counties  of  central  Indiana  rank  next, 
and  the  34  counties  of  southern  Indiana  are  least  fortunate.  In  respect 
to  deaths  from  cancer,  however,  the  opposite  condition  prevails.  Among 
the  three  subdivisions  of  southern  Indiana,  a  rather  regular  contrast  is 
disclosed,  southeastern  Indiana  ranking  poorest  in  tuberculosis,  cancer 
and  all  deaths,  but  southwestern  Indiana  lowest  in  infant  mortality 
and  south-central  Indiana  poorest  in  typhoid  but  best  in  cancer. 

Interesting  contrasts  in  the  death  rates  of  rural  and  urban  areas 
are  pointed  out,  and  especial  attention  is  given  to  the  contrasts  between 
the  death  rates  of  negroes  and  whites.  The  fact  that  negroes  have 
about  twice  the  death  rate  of  whites  explains  the  relatively  poor  ranking 
of  certain  Indiana  cities. 

Such  a  geographic  study  as  this  one  not  only  calls  attention  to 
significant  conditions  not  shown  in  the  tables  of  statistics  supplied  by 
the  State  Board  of  Health,  but  it  raises  thought-provoking  questions 
as  to  the  reasons  for  differences  and  what  should  be  done  to  improve 
conditions  in  the  areas  seen  to  be  least  favored. 
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PROBABLE  WORM  CASTINGS  ("COPROLITES")  IN  THE 
SALEM  LIMESTONE  OF  INDIANA 


Robert  R,   Shrock,   University  of  Wisconsin 

Many  references  in  paleontologic  literature  call  attention  to  various 
types  of  fossil  evidence  for  the  existence  of  worms  in  past  geologic 
ages.  Recent  investigations  have  not  only  added  much  to  the  knowledge 
of  the  work  and  character  of  ancient  worms,  but,  through  observations 
on  present  bottoms,  have  also  revealed  much  concerning  their  present 
importance  as  scavengers,  modifiers  of  sediments,  and  rock  builders. 

It  is  the  purpose  of  this  brief  account  to  call  attention  to  an  in- 
teresting type  of  fossil  record  found  in  the  well  known  Salem  or  Indiana 
Oolitic  Limestone.  In  Madison,  Wisconsin,  numerous  structures  built  of 
this  stone,  after  a  dozen  or  more  years  of  weathering,  show  on  the 
surfaces  of  the  blocks  numerous  strap-like  markings  which  appear  to 
represent  longitudinal  sections  of  castings,  or  coprolites,  of  fairly  large 
worms.  These  markings  are  generally  confined  to  rather  thin  zones 
which  are  more  or  less  parallel  to  the  planes  of  stratification. 

The  castings  to  be  described  are  thought  to  represent  material 
which  as  a  granular  calcareous  sand  passed  through  the  digestive  tract 
of  some  worm  and  was  then  cast  off.  The  castings  were  in  the  form 
of  either  solid  rods  or  solid,  discrete  pellets.  In  tracing  the  markings 
through  the  rocks  the  rod-like  type  of  excreta  gives  way  to  a  series 
of  pellets  which  in  turn  pass  again  into  the  former  (Fig.  1).  It  ap- 
pears from  the  character  of  the  preserved  castings  that  at  times  passage 
of  the  granular  sand  through  the  worm  was  easy,  whereas  at  other 
t:mes  there  was  congestion,  and  the  excreted  material  took  the  form  of 
solid  pellets. 

The  castings  vary  considerably  in  size,  with  the  smallest  ones  tend- 
ing to  be  more  sinuous.  The  largest  have  a  diameter  of  as  much 
as  three-fourths  of  an  inch;  the  smallest  are  less  than  one-eighth  of  an 
inch  across.  Individual  castings  have  about  the  same  diameter  through- 
out their  length.  The  largest  sizes  may  be  traced  through  the  rock  for 
more  than  two  feet  but  the  smaller  are  always  much  shorter.  So  far 
as  present  observation  goes  it  is  not  possible  to  state  whether  there 
was  any  comminution  of  the  material  as  it  passed  through  the  digestive 
tracts  of  the  worms. 

The  insoluble  residues  of  the  Salem  limestone  are  not  known  to 
contain  scolecodonts  or  other  preservable  structures  which  might  be  at- 
tributed to  worms,  but  the  absence  of  such  structures  is  not  considered 
to  mean  necessarily  that  such  organisms  were  not  present  in  the  seas 
of  Salem  time.  If  worms  were  as  abundant  as  the  many  castings  indi- 
cate, much  of  the  calcareous  sand  of  the  Salem  limestone  must  have 
passed  through  the  bodies  of  worms  at  one  time  or  another. 
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To  name  these  interesting  fossils  seems  altogether  unnecessary  until 
more  is  known  about  the  organisms  which  made  them.  Suffice  it  to 
record  their  presence,  characteristics,  and  possible  significance. 


A 


Fig.  1.  Sketches  (to  scale)  of  probable  worm  castings  in  the  Salem  limestone. 
The  blocks  of  stone  containing  these  fossils  are  found  on  top  of  the  retaining  wall 
just  southeast  of  the  intersection  of  Langdon  and  Park  streets,  Madison,  Wisconsin. 
Similar  castings  may  be  seen  in  the  walls  of  several  buildings  constructed  of  the  same 
stone   in   the   business   district   of   the   city. 
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PROGRAM  OF  THE  SECTION  ON  PHYSICS  AND  MATHEMATICS 


Rolla  V.  Cook,  Chairman 

1.  Mathematics  which  predicts  Bohr's  law  of  stationary  states  of  cen- 
tral  orbits.      Oliver    E.    Glenn,    Lansdowne,    Pennsylvania. 

2.  Acoustical  properties  of  wood.     R.  B.  Abbott,  Purdue  University. 

3.  A  demonstration  experiment  of  acoustic  and  mechanical  impedances. 
C.  K.  Stedman,  Purdue  University. 

4.  Conductivity    and   viscosity    of   glasses    of   the    soda-potash-silicate 
system.     K.  Lark-Horovitz  and  C.  L.  Babcock,  Purdue  University. 

5.  A  magneto  optic  effect  with  x-rays.     K.  Lark-Horovitz  and  H.  C. 
Clark,  Purdue  University. 

6.  A   new   method   of  making   thin   films.      E.    M.   Purcell    and   J.   D. 
Howe,  Purdue  University. 

7.  Crystal   growths.      K.    Lark-Horovitz   and    S.    E.    Madigan,    Purdue 
University. 

8.  X-ray  diffraction  in  molten  salts  and  solutions.     K.  Lark-Horovitz 
and  E.  P.  Miller,  Purdue  University. 

9.  Mechanism   of   the   Geiger-Mueller   tube.     J.    F.    Sears    and   G.    E. 
Read,  Purdue  University. 

10.  Atomic  factor  and  nuclear  lattice  parameters.     H.  J.  Yearian,  Pur- 
due University.  % 

11.  Dielectrics  solidified  in  electric  field.     W.  Lark-Horovitz,  W.  I.  Cald- 
well, and  Mr.  Ogden,  Purdue  University. 

12.  Radiographic  study  of  stringed  instruments.     K.  Lark-Horovitz  and 
W.  I.  Caldwell,  Purdue  University. 

13.  Four  demonstrations  as  follows: 

a.  New  application  of  traveling  magnetic  fields. 

b.  New  phenomena  in  association  with  sucking  effects  of  solenoids. 

c.  A  polyphase  electric  gun. 

d.  A  device  for  effective  demonstration  of  rotating  magnetic  field 
phenomena. 

Leonard  R.  Crow,  Terre  Haute. 

14.  The  new  heavy  radioactive  element  No.  93  isolated  from  a  meteor. 
E.   A.   Smith  and  F.   M.   Smith,   Secaucus,   New  Jersey. 

15.  Dielectric  capacities  of  solids  at  high  frequencies.     Arthur  L.  Foley, 
Indiana  University. 

16.  Sound  analysis  with  a  neon  tube.     James  F.  Mackell,  Indiana  State 
Teachers    College. 

17.  Representation  of  tensors   in   cononical   coordinate   systems.      E.    S. 
Akeley,  Purdue  University. 

18.  Diaphragmless  microphones.     H.  M.  Trent,  Indiana  University. 

19.  A  study  of  the  velocity  of  sound  in  solutions.     H.  M.  Trent,  Indi- 
ana University. 

Papers  12,  13,  and  14  were  illustrated  with  exhibits. 
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NEW   APPLICATION   OF   TRAVELINCx 
MAGNETIC  FIELDS 


Leonard  R.  Crow,  Educational  Electric  Mfg.  Company,  Terre  Haute 

It  is  often  desired  to  demonstrate  traveling  magnetic  field  phenomena 
to  students  so  that  the  demonstration  will  be  impressive  and  yet  not 
complex  and  difficult  to  understand.  It  is  chiefly  for  this  reason  that 
I  have  invented  the  motor  described  here. 

The  fundamental  object  of  the  device  resides  in  the  provision  of  a 
novel  method  of  rotating  a  conductive  element  by  producing  traveling 
magnetic  fields,  annular  in  form,  propagated  in  the  direction  of  the 
desired  line  of  movement  of  the  conductive  element  by  means  of  polyphase 
electric  current  or  split  single-phase  current. 

The  device  has  for  another  object  to  provide  a  novel  form  of  ap- 
paratus for  carrying  out  the  method  aforesaid,  comprising  a  laminated 
iron  ring  inclosed  in  a  conductive  element  surrounded  by  annular  coils 
so  disposed  and  arranged  that  they  will  produce  a  traveling  annular 
magnetic  field,  so  that  the  conductive  element  will  be  subject  to  the 
effect  of  current  induced  in  it  by  said  traveling  magnetic  field  and  will 
be  impelled  with  a  velocity  which  approximates  that  of  the  traveling 
magnetic  field  and  continues  to  travel  at  the  attained  velocity  so  long  as 
current  is  supplied  to  the  coils  surrounding  it. 

A  further  object  resides  in  the  particular  construction  and  arrange- 
ment of  the  parts  which  are  described  in  the  accompanying  drawings. 

The  device,  as  illustrated  in  the  drawings,  shows  the  preferred  form, 
although  it  is  to  be  understood  that  modification  in  the  construction 
and  arrangement  of  the  parts  may  be  adapted  without  departing  from 
the  fundamental  principle  involved. 

Figure  1  is  a  diagram  of  the  elements  necessary  for  the  operation 
of  the  device.  Figure  3  is  an  illustration  of  the  device.  Figure  2 
is  a  cross  sectional  view  of  the  movable  ring  element. 


Fig.  1. 


Fig.  2. 
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Fig.   3. 


As  illustrated  in  Figure  1,  the  device  consists  of  a  ring  (1),  ball 
and  bearings  (2,  3,  and  4),  coils  (5,  6,  and  7)  connected  to  a  source  of 
three-phase  current  supply.  The  ring  (1)  is  mounted  upon  the  bearings 
so  that  it  is  free  to  revolve  through  the  coils,  which  must  be  large  enough 
inside  diameter  so  that  the  ring  can  rotate  freely  through  them  without 
friction. 

Figure  2,  represents  a  heavy  shell  of  aluminum,  copper,  or  other 
suitable  conductive  material  in  which  is  disposed  a  ring  of  laminated  iron 
or  steel. 

The  coils  constitute  means  for  producing  traveling  magnetic  fields, 
which  are  propagated  longitudinally  of  the  ring,  and  which  induce  cur- 
rents in  the  ring,  thereby  setting  up  a  force  tending  to  move  the  ring 
through  the  coils. 

As  illustrated,  the  coils  are  supplied  with  current  of  the  three- 
phase  type,  but  obviously  current  of  any  other  polyphase  type  might  be 
employed  by  proper  coil  arrangement. 

The  velocity  of  the  rotating  ring  cannot  exceed  that  of  the  traveling 
field.  The  velocity  of  the  traveling  field  is  proportional  to  the  pole  pitch 
and  the  frequency  of  the  inducing  current  so  that  by  varying  either  one 
or  both  of  these  factors,  the  velocity  of  the  traveling  field  may  be  corre- 
spondingly varied.  Therefore,  by  proper  selection  of  number  and  ar- 
rangement of  coils  the  motor  could  be  made  to  run  at  various  speeds 
on  a  current  of  constant  frequency. 
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NEW  PHENOMENA  IN  ASSOCIATION  WITH  SUCKING 
EFFECTS  OF  SOLENOIDS 


Leonard  R.  Crow,  Educational  Electric  Mfg.  Co.,  Terre  Haute 

When  an  iron  or  steel  core  is  placed  in  the  core  hole  of  a  verti- 
cally suspended  solenoid  (Fig.  1)  carrying  a  direct  current  of  electricity, 
nothing  peculiar  or  unusual  happens.  The  core,  in  such  an  instance,  is 
sucked  into  the  solenoid  and  held  within  it  so  long  as  sufficient  current 
continues    to    flow    through    the    winding. 

With  alternating  current  it  is  quite  different;  an  iron  or  steel  core 
is  first  sucked  into  the  core  hole  as  with  direct  current,  but  its  intro- 
duction into  the  coil  immediately  increases  the  reactance,  which  in  turn 
decreases  the  current  flow  through  the  coil.  This  decrease  in  the  field 
strength  tends  to  allow  gravity  to  pull  the  core  down.  As  the  core  moves 
downward,  the  coil's  reactance  is  diminished  and  the  current  flow  through 
the  winding  increases,  thereby  tending  to  pull  the  core  up  and  from  this 
it  is  to  be  noted  that  there  is  a  tendency  to  set  the  core  and  circuit  oscil- 
lating.  If  the  inductance  of  the  coil  and  the  length,  weight,  and  design  of 


Fig.  1. 
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the  core  are  properly  worked  out,  it  is  possible  to  set  up  an  oscillating 
circuit  independent  of  the  frequency  of  the  implied  current. 

When  all  components  of  such  a  circuit  are  set  to  functioning 
properly,  the  circuit  oscillates  continuously;  but  if  any  one  component 
functions  improperly,  the  circuit  will  not  oscillate  at  all,  or,  if  so,  not 
perpetually. 

By  properly  adjusting  a  circuit  of  this  character  it  is  possible 
to  increase  the  amplitude  of  vibration  of  the  iron  core  until  it  will  jump 
entirely  out  of  the  solenoid.  Aside  from  the  very  interesting  and  in- 
structive value  of  this  experiment  or  demonstration,  it  is  very  probable 
that  many  practical   and  valuable  applications  may  be  made  of  it. 

If  a  second  inductance,  also  with  removable  core,  is  introduced  in 
series  with  this  type  of  circuit  other  interesting  effects  may  be  produced 
(Fig.  2).  For  instance,  by  the  manual  operation  of  the  core  in  coil  No. 
2,  the  movement  of  the  core  in  coil  No.  1  will  be  affected,  and,  in  fact, 
can  be  controlled  at  will.  As  the  core  in  coil  No.  2  is  moved,  its  move- 
ment affects  the  impedance  of  the  circuit,  thereby  affecting  the  move- 
ment of  core  No.  1.  From  this  it  is  to  be  seen  that  by  properly  manip- 
ulating core  No.  2,  it  is  possible  to  actuate  core  No.  1  as  desired;  in 
fact,  it  may  be  caused  to  move  so  slowly  that  its  movement  is  imper- 
ceptible, or  it  can  be  made  to  move  very  rapidly.  By  properly  positioning 
core  No.  2  within  its  solenoid,  core  No.  1  can  be  caused  to  move  to 
any  desired  place  in  its  solenoid  and  will  remain  stationary  at  that 
position  so  long  as  none  of  the  circuit's  characteristics  are  altered. 

From  the  foregoing,  it  is  obvious  that  many  practical  ideas  could 
be  evolved  for  employing  this  idea  in  remote  control  and  numerous  other 
applications. 
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A  DEMONSTRATION  METHOD  OF  MEASURING 

DIELECTRIC  COEFFICIENTS  AT 

HIGH  FREQUENCIES 


Arthur  L.  Foley,  Indiana  University 

One  of  the  members  of  my  science  journal  reading  class  recently 
reported  on  a  paper  assigned  him  on  "Dielectric  Coefficients  at  High 
Frequencies."  The  author  of  the  paper  had  found  no  change  in  the 
coefficient  at  frequencies  up  to  70  kilocycles.  I  mentioned  the  fact  that 
some  experiments  I  made  in  1897  had  led  me  to  a  like  conclusion  for 
frequencies  of  more  than  a  million  kilocycles.  Although  all  the  students 
in  the  class  were  advanced  physics  majors  from  one  or  another  of  a 
dozen  universities  and  colleges,  not  one  of  them  could  recall  the  Hertz- 
Lecher  experiment — a  modification  of  which  I  used  in  my  demonstration. 
Indeed,  on  examining  a  number  of  recently  published  texts,  I  was  sur- 
prised to  find  that  Hertz's  name  does  not  appear  in  the  index  of  several 
of  them,  and  that  few  of  them  give  his  work  more  than  passing  notice. 
It  would  appear  that  many  do  not  know  that  electric  waves  can  be 
produced  and  detected  without  the  use  of  vacuum  tubes,  and  that  radio 
communication  was  not  only  an  accomplished  fact  but  that  it  was  in 
practical  use  before  radio  tubes  were  invented. 


The  accompanying  figure  shows  the  arrangement  of  the  apparatus 
used  by  the  writer.  What  may  be  called  the  secondary  oscillating  sys- 
tem consists  of  C,  C,  two  circular  parallel  metal  plates  of  an  adjustable 
air  condenser  connected  respectively  to  the  wires  W,  W,  and  to  the 
metal  plates  Q,  Q',  which  are  charged  by  induction  when  the  plates  P, 
P',  of  the  primary  system  are  charged  by  the  induction  coil  I.  When 
P  and  P'  discharge  through  the  spark  gap  S,  oscillations  are  set  up  in 
the  wires  W,  W',  causing  brilliant  flashes  in  the  Geissler  tube  T. 

Although  the  frequency  of  the  oscillations  in  the  secondary  are 
largely  independent  of  the  rapidly  damped  oscillations  in  the  primary, 
nevertheless,  their  intensity  and  duration  can  be  considerably  increased 
by  adjusting  the  two  systems  to  resonance.  And  if  the  dimensions  of 
the  secondary  system  be  adjusted  properly,  standing  waves  are  formed 
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along  the  wires,  as  indicated  in  the  figure,  where  the  curves  represent 
potential  fluctuations.  Clearly,  these  standing  waves  should  be  affected 
but  little  by  short  circuiting  the  wires  W,  W,  at  any  potential  nodal 
point.  The  Geissler  tube  should  continue  to  glow.  Short  circuits  at  other 
than  nodal  points  cause  the  tube  to  "go  out." 

Short  circuiting  is  effected  by  a  thick  copper  wire  (a  bridge)  bent 
as  shown,  and  provided  with  an  insulating  handle  by  which  the  operator 
can  slide  the  bridge  along  the  wires  to  determine  the  positions  of  the 
nodal  points.  The  writer  used  two  bridges,  B,  B'.  Obviously,  twice  the 
distance  between  the  middle  points  of  adjacent  bridges  is  the  wave 
length,  L.  Assuming  the  velocity  of  standing  electric  waves  along- 
straight  wires  to  be  equal  to  V,  the  velocity  of  light,  the  oscillation 
frequency  N  equals  the  ratio  of  V  to  L. 

To  measure  the  dielectric  coefficient  of  sulphur  the  writer  cast  a 
sulphur  disk  about  25  cm.  in  diameter  and  4  cm.  thick.  The  disk  diameter 
was  made  some  10  cm.  greater  than  that  of  the  condenser  plates,  to 
minimize  uncertainties  due  to  edge  effects.  The  disk  was  placed  directly 
between  the  plates  C  and  C  and  in  close  contact  with  them.  The  sys- 
tem was  then  adjusted  and  bridge  positions  found  for  which  the  Geiss- 
ler tube  glowed  brilliantly.  Without  changing  anything  else  the  sulphur 
disk  was  removed  and  the  distance  between  C  and  C  adjusted  until  the 
tube  glowed  as  before.  The  rat^.o  of  the  thickness  of  the  sulphur  disk 
to  that  of  the  equivalent  air  space  gave  the  dielectric  coefficient  of 
sulphur.     A  similar  procedure  gave  results  for  hard  rubber  and  glass. 

To  obtain  the  best  quantitative  results  one  must  select  a  vacuum 
tube  of  the  proper  sensitivity.  If  too  sensitive  the  tube  will  glow  regard- 
less of  the  position  of  the  bridges.  If  not  sensitive  enough  the  distances 
through  which  the  bridges  may  be  moved  and  the  tube  remain  dark  is 
too  great  to  permit  of  an  accurate  location  of  the  nodal  points. 

For  demonstrations  before  large  audiences  where  tube  brilliancy  is 
of  prime  importance,  the  writer  uses  a  neon  spectrum  tube  of  the 
dumb-bell  type.  Usually  the  glow  is  confined  almost  entirely  to  the 
two  ends  of  the  tube.  The  capillary  portion  glows  brighter  if  one  end 
of  a  thin  wire  three  or  four  feet  long  is  wrapped,  a  turn  or  two,  about 
the  capillary  at  its  middle  point,  the  other  end  of  the  wire  dangling 
toward  or  to  the  floor.  No  doubt  a  larger  and  longer  neon  tube  would 
give  even  more  striking  results.  The  little  neon  bulbs  used  for  testing 
spark  plugs  and  coils  are  too  sensitive  for  satisfactory  use  with  equip- 
ment of  the   size  usually  employed  for  class  demonstrations. 

Adjusting  the  apparatus  for  stationary  waves  and  resonance  is  done 
by  changing  the  length  of  the  spark  gap,  of  the  wires  W  and  W,  the 
capacitances  of  the  three  condensers  C  C,  P  P',  and  Q  Q',  and  the  posi- 
tions of  the  bridges.  This  is  largely  a  "cut  and  try"  procedure  and  may 
require  considerable  time  and  experimentation  of  one  performing  the 
experiment  for  the  first  time.  The  result  is  quite  worth  the  effort. 
When  properly  adjusted  one  can  exhibit  standing  waves  to  an  audience 
of  several  hundred  people,  and  can  demonstrate  the  effect  on  the  waves 
of  changing  the  capacity  or  dimensions  of  the  oscillators.  He  can  show 
how  different  dielectrics  function  and  give  a  concrete  concept  of  the 
meaning  of  "dielectric  coefficient." 
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ANALYSIS  OF  MUSICAL  SOUNDS  BY  MEANS  OF  A 
NEON   TUBE 


James  F.  Mackell,  Indiana  State  Teachers  College 

The  method  of  analysis  of  sounds  by  means  of  a  manometric  gas 
flame  is  well  known,  and  it  has  served  as  an  excellent  qualitative  demon- 
stration experiment  for  many  years.  Other  methods  involving  consider- 
ably more  skill  and  demanding  a  greater  outlay  for  equipment  have 
been  devised  and  successfully  used.  One  of  these  is  the  well-known 
phonodeik  method  devised  by  Professor  Dayton  C.  Miller  of  the  Case 
School  at  Cleveland. 

Without  doubt,  the  most  successful  method  of  sound  analysis  is  that 
employing  an  oscillograph.  With  this  method,  sound  waves  of  any  com- 
plexity may  be  most  thoroughly  analyzed.  The  apparatus  employed  in 
this  method  is  both  complex  and  expensive;  thus  a  great  many  physics 
laboratories  are  denied  the  privilege  of  its  use. 

Various  forms  of  neon  tubes  are  now  devised  which  may  be  used 
to  take  the  place  of  the  rather  clumsy  and  generally  eccentric  gas  flame, 
and  to  some  extent  they  offer  possibilities  which  may  rival  the  expensive 
oscillograph  equipment.  These  neon  tubes  are  constructed  in  various 
shapes  and  operate  on  voltages  from  100  to  10,000  or  more.  The  power 
expenditure  necessary  to  operate  these  tubes  is  very  low,  and  they  are 
very  responsive  to  sudden  changes  in  energy  such  as  might  be  due  to 
the  vibrations  picked  up  by  a  telephone  transmitter  or  a  microphone. 

If  one  of  these  two-watt  neon  glow  lamps  is  used  to  replace  a  loud 
speaker  on  the  output  circuit  of  a  three  or  four  stage  amplifier,  and  if  an 
impedance  matched  microphone  or  telephone  transmitter  is  used  in  the 
input  circuit,  one  may  talk  into  the  microphone  and  obtain  a  visual 
picture  of  the  sound  in  a  revolving  mirror  placed  near  the  glow  lamp. 
Of  course,  such  sounds  as  come  from  tuning  forks  and  from  organ  pipes 
which  are  gently  blown  will  give  essentially  pure  sounds  without  over- 
tone, while  most  sounds  from  violins  and  horns,  and  syllables  sung  by  the 
human  voice  wTill  show  complexities.  When  the  mirror  is  rotated  at  a 
given  speed,  it  is  not  difficult  to  pick  out  the  overtones  present;  and,  if 
a  photographic  record  is  made,  it  should  be  possible  to  determine  the 
approximate  prominence  of  each  of  the  partials  or  overtones. 

The  picture  which  one  will  observe  in  the  mirror  will  depend  upon 
the  construction  of  the  particular  lamp  or  tube  used. 
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If  an  ordinary  neon  spectrum  tube  with  a  long  capillary  bore  is 
used,  we  get  pictures  in  the  revolving  mirror  such  as  these: 


Fundamental 


First   Overtone 


Second   Overtone 


Third  Overtone 


Fundamental      and     First 
Three   Overtones 
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In  the  case  of  the  two-watt  glow  lamp  mentioned  above,  the  pictures 
will  look  something  like  the  following: 


Fundamental 


First  Overtone 


Second   Overtone 


Third  Overtone 


a  Fundamental  and  First  Three 


With  a  little  practice  one  should  have  no  trouble  in  determining 
when  certain  overtones  are  present.  It  is  obvious  that  a  simple  equip- 
ment of  this  kind  would  be  of  great  value,  not  only  for  demonstration 
purposes  in  physical  lectures,  but  indeed  for  persons  interested  in  voice 
culture  and  vocal  and  instrumental  music,  and  for  all  who  are  interested 
in  acoustics.  One  of  the  best  things  about  such  an  arrangement  is  its 
simplicity,  and  in  most  cases  the  equipment  necessary  will  be  found 
already  in  the  laboratory.  The  only  new  thing  is  the  tube  or  glow  lamp, 
and  it  is  quite  inexpensive. 
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DIAPHRAGMLESS  MICROPHONES 


Horace  M.  Trent,  Indiana  University 

Introduction.  The  passage  of  a  sound  wave  through  a  fluid  will 
cause  periodic  disturbances  in  the  pressure,  density,  temperature,  and 
particle  velocity  at  any  given  point.  A  microphone  is  a  device  which 
can  convert  the  variations  in  one  of  these  properties  into  periodic  elec- 
trical potential  differences.  If  a  microphone  is  to  be  used  as  a  labora- 
tory device  of  a  dependable  nature,  it  must  have  the  following  char- 
acteristics: high  sensitivity,  constant  response,  and  linear  response.  The 
first  means  that  an  appreciable  voltage  output  must  be  obtained  from 
even  a  barely  audible  sound;  the  second,  that  readings  taken  under 
identical  conditions  must  be  reproducible  day  after  day;  the  last  means 
that  the  voltage  produced  must  be  strictly  proportional  to  the  excess 
pressure  in  the  sound  wave  and  that  this  relation  must  be  independent 
of  frequency.  The  required  range  of  this  linear  response  depends  on 
the  use  to  which  the  instrument  is  put.  If  it  is  for  a  loud-speaking 
system,  the  range  is  from  about  50  to  10,000  cycles  per  sec. ;  for  measure- 
ments throughout  the  audible  range,  it  must  extend  from  about  20  to 
25,000  cycles  per  sec.  It  is  quite  probable  that,  before  many  years,  an 
instrument  may  be  required  that  will  produce  ultra-sonic  disturbances 
as  well. 

Most  modern  microphones  consist  of  a  diaphragm,  usually  stretched, 
which  is  agitated  by  sound  waves  impinging  upon  it.  It  is  a  well  known 
fact  that  all  supported  bodies  possess  natural  frequencies  which  are 
determined  by  the  construction  of  the  body  and  its  supports.  Resonance 
results  in  such  a  microphone  if  one  of  the  frequencies  of  the  impinging 
sound  wave  train  is  equal  to  one  of  the  natural  frequencies  of  the 
diaphragm.  A  deviation  from  linear  response,  commonly  called  "fre- 
quency distortion,"  is  the  result.  This  frequency  distortion  can  be  cor- 
rected in  three  ways:  by  designing  the  diaphragm  to  have  no  resonant 
frequencies  in  the  usable  range;  by  compensating  for  distortion  in 
some  other  electrical  network;  or  by  designing  a  microphone  to  have  no 
vibrating  parts — a  "diaphragmless  microphone."  Much  work  has  been 
done  in  the  laboratories  of  the  Physics  Department  of  Indiana  University 
on  the  last  of  these  possibilities   (1). 

This  paper  is  a  report  concerning  four  devices  wThich  were  built  and 
tried  at  Indiana  University  as  possible  diaphragmless  microphones.  In 
all  cases  the  models  were  connected  to  an  amplifier  which  was  in  turn 
connected  to  a  dynamic  speaker.  The  amplifier  used  in  this  investigation 
was  built  by  Mr.  Conrad  and  had  a  maximum  voltage  amplification  of 
50,000.  There  was  built  also  a  single  stage  push-pull  amplifier  so  de- 
signed that  it  could  be  coupled  ahead  of  the  main  amplifier,  thus  allow- 
ing a  push-pull  input  to  the  amplifying  system.  Since  the  voltage 
amplification  was  two  orders  greater  than  that  commonly  used  in  prac- 
tice, it  was  assumed  that  any  model  was  not  usable  if  ordinary  audible 
sounds  could  not  be  reproduced  by  the  system,  so  as  to  give  an  audible 
output. 
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Fig.  l. 


First  model.  The  first  model  consisted  of  twenty  identical  parallel 
elements,  two  of  which  are  shown  in  cross-section  in  Fig.  1.  Each  ele- 
ment consisted  of  three  parts:  two  were  metal  strips  each  having-  one 
sharp  edge  as  shown  by  the  parts  labelled  B,  the  third  was  a  wire  placed 
midway  between  and  parallel  to  the  two  edges.  The  wire  is  labelled 
A  in  the  diagram.  The  twenty  elements  were  connected  in  parallel 
forming  three  units;  two  units  of  twenty  edges  each,  the  third  a  unit  of 
twenty  wires.  The  negative  terminal  of  a  set  of  batteries  was  con- 
nected to  the  set  of  wires  while  the  positive  terminal  was  connected 
to  the  two  sets  of  edges  through  two  ten  megohm  resistors.  Since  ions 
are  usually  produced  at  surfaces  of  greatest  curvature,  the  edges  were 
sources  of  positive  ions  which  were  neutralized  at  the  surfaces  of  the 
wires.  The  point  b  was  grounded  and  the  points  a  and  and  b  were  con- 
nected to  the  input  of  the  amplifier-loudspeaker  system. 

Theory  and  results.  Positive  ions  moved  along  paths  indicated  by 
the  small  arrows  d  and  /.  When  a  condensation  was  made  to  pass  in 
the  direction  of  the  arrow  c,  ions  indicated  by  the  arrow  d  were  speeded 
up,  while  ions  indicated  by  the  arrow  /  were  retarded.  It  was  first 
thought  that  the  small  currents  in  the  two  resistors  would  be  varied  in 
opposite  directions  so  that  a  difference  of  potential  would  be  produced 
between  points  a  and  b.  Voltages  up  to  700  were  tried  on  the  model 
without  any  detectable  response.  At  this  voltage,  sparking  set  in,  which 
stopped  any  further  increase  in  applied  potential.  The  real  failure  of  the 
model  was  due  to  the  inability  of  the  edges  to  produce  ions  faster  than 
the  wire  could  neutralize  them.  Thus,  any  increase  or  decrease  in 
the  velocity  of  the  ions  did  not  appreciably  affect  the  total  number  of 
ions  neutralized  per  second.  If  an  appreciable  cloud  of  ions  could  have 
been  formed  about  the  wires  in  any  manner,  a  positive  response  would 
probably  have  been  noted. 

Second  model.  A  second  model  was  built  using  again  a  discharge 
from  an  edge,  but  at  the  same  time,  taking  advantage  of  the  fact  that 
the  ions  were  produced  at  a  constant  rate.  A  schematic  drawing  of  the 
assembly  is  shown  in  Fig.  2.  The  ions  traveled  from  the  edge  along  the 
two  dotted  paths  to  two  like  conductors  A  and  B,  between  which  was 
placed  a  sheet  of  mica  c.  The  surfaces  next  to  the  mica  were  polished 
to  mirror-like  smoothness  so  that  the  mica  could  be  as  thin  as  possible. 
The  conductors  A  and  B  were  connected  through  two  resistors  to  the 
negative  terminal  of  a  battery,  the  positive  terminal  being  connected  to 
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the  edge  E.  The  ends  of  the  two  resistors  were  connected  to  the  push- 
pull  unit,  which  was  in  turn  connected  to  the  amplifier-speaker  system 
as  shown. 

Theory  and  results.  When  a  condensation  was  made  to  pass  in  the 
direction  as  shown  by  the  arrow  D,  some  of  the  ions  from  the  upper 
path  might  have  been  driven  to  the  lower  path,  thus  decreasing  the 
current  through  the  upper  resistor  and  increasing  it  through  the  lower. 
The  model,  however,  gave  no  detectable  response.  This  was  due  in  all 
probability  to  the  thickness  of  the  mica  being  large  compared  to  the 
displacement  of  an  air  molecule  by  the  passage  of  a  sound  wave.  The 
thickness  used  was  about  .001  cm.  What  was  actually  needed  was  a 
non-conducting  film  about  .000001  cm.  in  thickness.  Several  attempts 
were  made  to  produce  a  suitable  film,  but  none  proved  successful. 

Third  model.  A  third  model  was  tried  depending  on  the  variation 
of  the  index  of  refraction  of  air  as  a  sound  wave  passes.  Calculations 
indicate  that  in  such  cases  any  bending  of  a  beam  of  light  would  be 
extremely  small.  Consequently,  this  model  was  based  instead  on  the 
variation  of  intensity  of  transmitted  light  with  the  variation  of  the  angle 
of  incidence  when  the  latter  is  near  the  critical  angle.  This  set-up  can  be 
understood  by  reference  to  Fig.  3.  Four  prisms  with  plate  glass  sides 
were  built  together  as  shown.  Prisms  A  and  C  were  air-filled  and  com- 
pletely enclosed  so  as  to  have  constant  air  density.     Prism  D  was  filled 
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with  water  and  so  designed  that  light  would  emerge  almost  parallel  to 
the  surface  as  shown  by  the  path  of  the  ray  of  light  passing  from  left  to 
right.  Prism  B  was  air  filled  and  had  its  two  ends  open  to  the  air. 
Sound  was  made  to  travel  normally  to  the  plane  of  the  drawing  through 
the  prism  B,  thus  varying  the  density  within  it.  The  light  was  col- 
lected by  a  concave  mirror  M,  and  reflected  by  a  plane  mirror  m,  and 
focused  on  a  photo-electric  cell  P.  The  output  of  the  cell  was  amplified 
in  the  usual  manner. 

Theory  and  results.  The  variable  density  in  prism  b  caused  a  varia- 
tion in  the  index  of  refraction,  which  in  turn  caused  a  slight  variation 
in  the  angle  of  incidence  on  the  surface  ab.  The  index  of  refraction 
of  air  is  given  by  the  following  formula,  due  to  Ayrton  and  Perry  (2). 


n  =  Vl+.000586p/76. 

By  differentiation, 

dn=  .000586p/76  X  dp/2\/l+  .000586p/76. 

Since  for  ordinary  sounds,  dp  =  .0000075  cm.  of  Hg,  and  if  we  use  very 
small  finite  numbers  for  the  infinitesimals, 

dn=2.2X10-9. 

If  a  beam  of  light  goes  through  a  prism  whose  angle  is  A,  the  angle 
of  incidence,  i,  and  the  angle  of  emergence,  r,  the  following  relation  is 
true. 

cos  (i+r  —A)  sin  i 


+  r  —  A)  Vn2  —  sin2i  + 


sin  r 
Allowing  the  angle  of  incidence  to  remain  constant,  and  differentiating, 
the  following  equation  is  obtained. 

n  sin(i+r — A)n      sin  i 
sin  r-\ 1 cos(i+r — A) 

Vn2— sin2i  n2 

dr  =  — — dn 

sin  i  , 

sin(i+r — A) Vn2 — sin2i  cos(i+r — A) — n  cos  r. 

n 

In  the  case  under  consideration,  n=l,  i  =  60°,  r  =  60°,  and  A=120°.    With  the 
value  of  dn  given  above,  dr  =  3.8XlO       radians. 

The  Fresnel  theory  yields  the  following  equation  for  the  intensity 
of  light  transmitted  through  a  surface; 

1  a2  sin  2i  sin  2r  sin  2i  sin  2r 

I=- — + 


2        sin2  (i+r)        sin2(i+r)  cos2(i  +  r) 

where  a  is  the  amplitude  of  the  incident  light,  i,  the  angle  of  incidence, 
and  r,  the  angle  of  refraction.  N  can  be  eliminated  by  the  use  of 
SnelPs  law.  If  the  relation  between  I  and  i  be  differentiated  graphically, 
we  find  that  when  i  is  near  the  critical  angle, 

dl 

—  =  9610  per  cent  per  radian. 

di 
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It  was  hoped  that  this  rapid  variation  would  be  sufficient  to  cause 
an  audible  response.  Such  was  not  the  case.  The  cause  of  the  failure 
was  due  to  the  small  value  of  dn  occurring  in  practice.  The  per  cent 
change  in  I  is  given  by, 


9610X 


!X10" 


1 .  33 


=  1.587X10    5  per  cent. 


This  variation  was  too   small  to  be  detected  with  the  apparatus  used. 
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Fig.   4. 


Fourth  model.  The  last  model  tried  used  a  luminous  discharge  in 
air,  maintained  by  a  constant  current  device  which  kept  the  current 
low  (about  25  milliamperes) .  Under  these  conditions,  the  discharge 
was  a  miniature  of  the  well  known  discharge  under  a  partial  vacuum, 
having  a  cathode  glow,  a  Crook's  dark  space,  negative  column,  Faraday's 
dark  space,  and  positive  column.  A  microphone  using  a  single  discharge 
has  been  described  by  Thomas  (3).  This  device  was  very  sensitive  to  slow 
periodic  pressure  changes.  The  present  model  was  designed  to  be  free 
from  such  features.  The  microphone  proper  consisted  of  two  gaps 
mounted  so  that  one  gap  was  open  to  the  sound  disturbance,  the  second 
partially  shielded  from  the  sound  disturbance  but  still  open  to  the  air. 
As  a  result,  only  one  was  appreciably  affected  by  an  audible  disturb- 
ance, while  both  were  equally  affected  by  a  slow  aperiodic  disturbance. 
The  glow  was  established  between  copper  electrodes,  the  best  results 
being  obtained  by  oval  shaped  ends.  More  work  remains  to  be  done  on 
the  proper  design  of  the  ends  to  prevent  the  glow  playing  over  the  ends 
of  the  copper  electrodes.  This  action  was  the  cause  of  most  of  the 
background  noise  in  the  instrument.  The  electrical  connections  are 
shown  in  Fig.  4.  The  two  gaps  were  two  arms  of  a  bridge  circuit,  while 
two  vacuum  tubes  were  the  other  two  arms.  A  voltage  of  about  860  was 
placed  across  the  bridge  at  a  and  b,  using  dry  batteries.  The  three  re- 
sistors placed  across  the  bridge  constituted  a  Wagoner  ground  (false 
ground),   which    served  to   keep   the   discharges   stable,   by   keeping  the 
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potential  of  points  c  and  d  near  ground  potential.  A  device,  consisting 
of  a  switch,  resistor,  and  galvanometer  in  series  with  the  ground,  was 
added  at  A  to  test  the  equality  of  these  potentials  with  the  ground. 
Points  c  and  d  were  connected  to  the  amplifier-loudspeaker  system  as 
shown. 

Theory  and  results.  The  vacuum  tubes  were  made  to  act  as  constant 
current  devices  by  operating  them  at  potential  high  enough  to  draw 
all  thermions  to  the  plates  as  fast  as  they  were  formed.  A  great  deal 
of  work  has  been  done  on  the  characteristics  of  sparks  but  practically 
none  on  glows,  the  latter  getting  their  peculiar  properties  by  keeping 
the  current  low.  By  using  a  calibrated  electroscope  to  measure  voltages 
across  the  gap,  the  following  formula  was  found  to  give  the  relation 
between  voltages  across  the  gap  and  the  gap  length  in  millimeters,  the 
relation  being  valid  up  to  4.3  mm.;  V  —  119.1  d  +  292.3.  The  constants 
were  determined  from  experimental  data  by  the  method  of  least  squares. 
A  relation  was  also  found  between  the  resistance  of  the  gap  and  its 
length.  It  was:  R  =  247. 53  d2  +  5052.67  d  +  10828.98.  These  relations 
were  determined  wThile  using  a  constant  potential  across  the  bridge. 
According  to  Thomas  (loc.  cit.),  any  small  increase  in  pressure  gives 
an  increase  in  resistance  which  is  very  closely  proportional  to  the  in- 
crease in  pressure.  A  sound  wave  gives  such  an  increase  which  causes 
a  change  in  the  potential  difference  across  the  glow.  The  circuit  was 
designed  to  amplify  the  differences  between  the  effects  on  the  two  glows. 
As  a  result,  audible  sounds  should  have  been  reproduced  while  slow 
aperiodic  disturbances  should  not.  Experimentally,  the  system  repro- 
duced speech  with  fair  intensity  and  with  good  quality.  There  remained, 
however,  a  lot  of  ground  noise  due  mainly  to  two  causes ;  the  first  was 
a  movement  of  the  glow  over  the  ends  of  the  electrodes ;  the  second  was 
a  slow  disintegration  of  the  electrodes  causing  small  bits  of  metal  to 
pass  from  electrode  to  anode. 

Many  points  remain  to  be  investigated,  but  the  positive  results  so 
far  obtained  lead  one  to  believe  that  the  method  might  profitably  be 
investigated  farther. 
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A  STUDY  OF  THE  VELOCITY  OF  SOUND 
IN  SOLUTIONS 


Horace  M.  Trent,  Indiana  University 

Introduction.  At  the  1926  meeting  of  the  Indana  Academy  of  Sci- 
ence, Dr.  A.  L.  Foley  reported  on  a  unique  phenomenon  which  he  had 
observed  while  dissolving  some  sodium  phosphate  in  a  tumbler  of 
water  (1).  He  found  that  the  pitch  of  the  sound  produced  by  striking  a 
spoon  on  the  tumbler  lowered  considerably  at  first,  and  after  a  few  sec- 
onds returned  to  about  the  same  as  it  had  before  the  salt  was  added. 
The  pitch  was  controlled  by  the  depth,  elasticity  and  density  of  the 
liquid  phase,  together  with  the  characteristics  of  the  tumbler.  In  the 
experiment,  the  properties  of  the  tumbler  remained  the  same.  The 
change  of  pitch  could  not  have  been  due  to  a  change  in  depth  or  density, 
for  it  did  not  occur  with  all  salts  (chloride  of  tin,  for  instance),  nor 
did  it  change  when  fine  sand  was  stirred  in  the  water.  It  would  appear 
that  the  change  was  due  to  a  transitory  change  in  the  elasticity  of  the 
liquid  during  the  process  of  solution.  Quoting  from  Dr.  Foley's  original 
report,  we  read:  "Inasmuch  as  wave  velocity  depends  on  the  elasticity 
of  the  medium  in  which  the  waves  are  traveling,  one  might  expect  a 
considerable  change  in  the  velocity  of  sound  through  a  fluid  in  which 
a  salt  is  dissolving,  and  possibly  in  any  solution  in  which  chemical 
action  is  taking  place." 

It  was  the  purpose  of  this  investigation  to  determine  whether  or 
not  such  a  change  in  the  velocity  of  sound  through  water  while  a  salt 
is  dissolving  does  exist,  and  to  what  extent  the  change  takes  place. 

Description  of  apparatus.  The  scheme  finally  evolved  for  making 
the  measurements  will  be  discussed  with  the  aid  of  the  schematic  dia- 
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gram  (Fig.  1).  The  method  was  essentially  a  resonance  tube  method 
employing  a  constant  length  tube  with  a  source  of  sound  of  variable 
pitch.  The  pitch  of  the  sound  was  controlled  by  a  beat-note  oscillator 
whose  output  was  fed  into  an  amplifier,  and  this  in  turn  connected  to 
a  telephone  receiver  R,  which  was  sealed  with  wax  to  the  end  of  the 
resonance  tube  A.  The  frequency  emitted  by  the  beat-note  oscillator 
was  varied  by  changing  the  setting  of  a  small  vernier  condenser.  The 
instrument  was  calibrated  so  that  the  frequency  could  be  determined 
with  an  accuracy  of  20  vibrations  per  second.  As  the  measurements 
were  made  at  about  3,000  cycles  per  second,  this  represented  an  accuracy 
of  about  .7  per  cent.  The  amplifier  was  a  Sampson  A.  C.  machine, 
type  P-44.  The  source  of  sound  was  the  magnet  and  diaphragm  from 
a  Stromberg-Carlson  telephone  receiver.  The  resonance  tube  proper 
was  a  brass  tube  six  feet  long  and  having  a  wall  3/16"  in  thickness  and 
inside  diameter  of  two  inches.  To  allow  the  tube  to  be  filled  with  water 
and  to  be  drained  and  washed,  two  stopcocks  S,  were  soldered  to  the 
bottom,  one  28  cm.  from  the  source  of  sound,  the  other,  8  cm.  from  the 
opposite  end.  It  was  necessary  to  add  an  opening  O,  to  allow  air  to 
enter  or  leave  the  apparatus  during  the  process  of  filling  or  draining. 
The  following  method  was  devised  to  detect  a  condition  of  resonance : 
the  tube  was  driven  at  the  ninth  harmonic,  making  nodes  occur  at  the 
two  ends  and  at  intervals  of  16  inches  between  the  two  ends.  An  open- 
ing was  made  two  feet  from  the  source  of  sound  at  which  a  node  would 
occur  if  the  tube  was  in  resonance  using  the  ninth  harmonic.  A  tele- 
phone transmitter  was  screwed  to  a  short  tube,  which  was  in  turn 
soldered  to  the  edge  of  the  opening.  A  battery  and  telephone  trans- 
former were  connected  in  series  with  the  transmitter;  the  output  of  the 
transformer  wTas  connected  to  a  pair  of  ordinary  head  phones.  Since  a 
transmitter  responds  to  changes  of  pressure,  and  since  a  node  is  a  posi- 
tion of  maximum  change  in  pressure,  maximum  response  occurs  when 
a  node  is  opposite  a  transmitter.  This  occurs  at  resonance.  This  reso- 
nance condition  was  very  sharp,  being  easily  located  to  within  ±10  vibra- 
tions per  second.  Finally,  it  was  necesary  to  devise  a  method  of  drop- 
ping the  salt  into  the  water  at  the  right  moment.  For  this  purpose, 
to  one  end  of  a  two  mm.  brass  tube  180.5  cm.  long,  with  an  inside 
diameter  of  twTo  cm.,  was  fixed  a  thin  brass  disk  completely  closing  the 
end;  to  the  other  end  was  soldered  a  handle  arrangement  H,  similar  to 
a  stopcock,  made  to  fit  into  a  conical  hole  in  the  end  piece  E.  A  slit, 
nine  mm.  wide,  was  milled  the  total  length  of  the  tube.  The  tube  was 
supported  partially  by  the  stopcock  arrangement  at  the  left  end,  and 
by  a  support  P  at  the  right  end  made  of  thin  brass  sheeting  so  placed 
as  to  obstruct  the  passage  of  sound  down  the  tube  as  little  as  possible. 
Measurements  were  made  in  the  following  manner:  the  salt  to  be  in- 
vestigated was  placed  in  the  small  tube  and  the  small  tube  inserted, 
with  the  slit  up,  in  the  large  tube.  The  large  tube  was  then  about 
three-fourths  filled  with  water.  The  oscillator  was  started  and  the 
resonance  frequency  noted  for  pure  water.  The  small  tube  was  then 
inverted  spilling  the  salt  into  the  water  and  the  resonance  frequency 
was  noted  at  minute  intervals  for  about  fifteen  minutes. 
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Results.  Data  were  obtained  using  sodium  phosphate,  tin  chloride, 
sodium  acetate,  sodium  carbonate,  copper  sulphate,  zinc  sulphate,  sodium 
chloride,  calcium  chloride,  and  powdered  quartz,  as  solutes.  In  general, 
the  velocity  rose  from  its  initial  value  to  a  higher  value.  After  a  cer- 
tain value  was  reached,  the  velocity  remained  constant.  A  set  of  data 
for  tin  chloride  is  included  in  this  report,  and  is  typical  of  all  sets  taken. 
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This  is  shown  in  graphical  form  in  Fig.  2,  which  also  includes  data 
for  sodium  carbonate  and  powdered  quartz.  It  is  to  be  noticed  that  the 
velocity  as  computed  from  the  product  of  the  frequency  and  wave  length 
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is  below  the  accepted  values  for  the  velocity  in  the  free  fluid.  This  is 
due  to  the  well  known  tube  errors.  The  graphs  are  therefore  frequency- 
time  graphs  which  can  be  interpreted  just  as  easily  as  velocity-time 
graphs.  In  the  case  of  sodium  chloride,  the  final  solution  was  about  10 
per  cent  NaCl.  The  tables  give  a  change  of  2.3  per  cent  between  the 
velocity  in  pure  water  and  in  a  10  per  cent  NaCl  solution.  The  observed 
rise  was  2.34  per  cent.  It  was  concluded  that  the  final  value  reached 
represented  the  velocity  in  the  solution  in  a  static  condition.  All  solu- 
tions used  were  dilute  and  in  no  case  were  they  stirred.  The  velocity 
of  the  process  of  solution  was  fairly  slow.  The  conditions  for  this  ex- 
periment were  not  the  same  as  for  the  glass  tumbler.  It  is  impossible, 
therefore,  from  the  results  of  this  investigation  to  state  an  accurate 
reason  why  the  pitch  of  a  glass  tumbler  should  fall  while  a  salt  is  going 
into  solution.  More  work  on  this  same  problem  is  being  planned  by 
the  author. 
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PROGRAM  OF  THE  ZOOLOGICAL  SECTION 


Fred  Donaghy,  Chairman 

1.  Insects  of  Indiana  for  1934.    J.  J.  Davis,  Purdue  University. 

2.  Some  spiders  of  the  genus   Tetragnatha.     Edward   Kintner,   Man- 
chester College. 

3.  Measurement  of  rate  of  insect  emergence  from  lake  surface:  methods 
and  some  results.     Will  Scott,  Indiana  University. 

4.  Bottom  fauna  of  Tippecanoe  Lake.     Will  Scott,  Indiana  University. 

5.  First  results  of  the  Indiana  University  Mexican  expedition.     Alfred 
C.  Kinsey,  Indiana  University. 

6.  Herons  along  Big  Flat  Rock  River  in  Rush  County,  Indiana.   Chester 
M.  Alter  and  David  O.  Alter,  Rushville. 

7.  Conjunctival  ophthalmomyiasis  caused  by  sheep  gadfly,  Oestrus  ovis. 
M.  W.  Lyon,  Jr.,  South  Bend  Clinic. 

8.  External  features  of  the  larva  of  Hydromyza  confluens.     Cleveland 
P.  Hickman,  DePauw  University. 

9.  Hypertension:    biologically  considered.     Robert  Hessler,  Indianapolis. 

10.  Some  observations  on  the  development  of  sectioned  chick  blastoderms. 
E.  G.  Stanley  Baker,  Wabash  College. 

11.  Observations  on  the  nutrition  of  ciliates.  W.  H.  Johnson,  Wabash 
College. 

12.  The  life  cycle  of  a  monogenetic  trematode.  C.  H.  Alvey,  Purdue 
University. 

13.  A  commutator  for  kymographs.    W.  A.  Hiestand,  Purdue  University. 

14.  Five  double  recessive  eye  colors  in  Drosophila.  S.  A.  Rifenburgh 
and  V.  F.  Sutfin,  Purdue  University. 

15.  Brown,  sepia — a  double  recessive  eye  color  in  Drosophila.  P.  V. 
Swearingen,  Purdue  University. 

16.  Some  unusual  bird  records  for  Tippecanoe  County.  Frederick  H. 
and  Louis  Agassiz  Test,  Purdue  University. 

17.  Rhythmic  activity  in  leaf-cutting  ant  colonies.    A.  B.  Krom,  Wabash. 

18.  The  length  of  the  reticulocyte  cycle  in  pigeons.  Donna  Gaylor 
Graam,  Indiana  State  Teachers  College. 

19.  Testing  Raunkiaer's  law  of  frequency  against  the  distribution  of 
fishes  in  Wayne  County.     Hurst  Shoemaker,  Earlham  College. 

20.  White  herons  in  Indiana.     Amos  W.  Butler,  Indianapolis. 

21.  A  resume  of  the  major  bones  in  the  lizard  skull.  Jean  Piatt,  Indi- 
anapolis. 

22.  Records  of  Indiana  dragonflies.  VIII,  1934.  B.  Elwood  Montgom- 
ery, Purdue  University. 

23.  A  ritual  parchment  and  certain  historical  charts  of  the  Bois  Fort 
Ojibwa  of  Minnesota.  Albert  B.  Reagan,  Brigham  Young  Univer- 
sity, Utah. 
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24.  An    annotated   list   of  the    Membracidae   of    Indiana    (Homoptera). 
Howard  O.  Deay  and  George  E.  Gould,  Purdue  University. 

25.  Sexual    differences    in    the    spotted    turtle.      Chapman    Grant,    Fort 
Benjamin  Harrison. 

2().    Locomotion  of  snakes  and  lizards.     Chapman  Grant,  Fort  Benjamin 
Harrison. 

27.    A  century  of  odonatology  in  Indiana.     B.  Elwood  Montgomery,  Pur- 
due University. 
Papers  1,  13,  14,  15,  19,  and  24  were  illustrated  with  exhibits. 
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INSECTS  OF  INDIANA  FOR  1934 


J.  J.  Davis,  Purdue  University  Agricultural  Experiment  Station 

The  past  season  has  been  one  of  unusually  abnormal  weather,  with 
high  temperatures,  drying  winds,  and  low  rainfall.  A  study  of  the 
accompanying  table  (Table  I)  will  impress  one  with  these  abnormal 
conditions.  The  temperature  was  above  normal  each  month  from  April 
to  August,  inclusive,  while  the  precipitation  was  below  normal  during 
the  winter  and  every  month  of  the  year  until  August.  These  conditions 
were  less  significant  in  the  southwestern  region  of  the  state,  where 
fairly  good  conditions  for  growing  crops  prevailed.  The  drought  con- 
ditions occurring  over  the  greater  part  of  the  state  were  favorable  to 
the  development  of  some  insects  and  unfavorable  to  plant  growth,  this 
combination  resulting  in  large  losses.  On  the  other  hand  it  must  be 
noted  that  these  conditions  were  unfavorable  to  certain  other  insects, 
notably  the  European  corn  borer. 

Field  Crop  Insects 

The  chinch  bug  (BUssks  leacopterus  Say)  was  unquestionably  the 
outstanding  insect  pest  of  the  year.  The  winter  of  1933-34  was  favorable 
for  successful  hibernation,  and  the  localized  outbreaks  of  1933,  aug- 
mented by  notable  spread  from  the  heavily  infested  areas  in  Illinois, 
provided  an  abundance  of  bugs  early  in  the  season.  With  favorable 
weather  from  the  time  the  bugs  left  their  winter  quarters,  they  in- 
creased to  enormous  numbers,  becoming  noticeably  abundant  in  50  coun- 
ties in  the  northern  two-thirds  of  the  state,  from  Knox  County  on  the 
western  border,  diagonally  across  the  state  to  Randolph  County  on  the 
eastern  border.  Recognizing  the  seriousness  of  the  chinch  bug  menace 
in  the  central  west  from  Kansas  and  Nebraska  on  the  west  to  Ohio  on 
the  east,  and  the  financial  status  of  many  of  the  farmers  in  this  area, 
Congress  appropriated  $1,000,000.00  for  the  purchase  of  creosote  for 
distribution  to  farmers  for  use  in  the  construction  of  barriers  to  protect 
the  corn  crop.  As  a  result  we  were  able  to  provide  demonstrations  and 
secure  creosote  without  cost  to  the  farmers,  without  which  huge  losses 
would  have  resulted.  During  the  initial  stages  of  the  campaign,  two 
representatives  of  the  Entomology  Department  of  the  Purdue  University 
Agricultural  Experiment  Station  and  two  additional  entomologists,  gave 
demonstrations  in  the  50  infested  counties.  A  total  of  111  demonstra- 
tions were  conducted  with  a  total  attendance  of  11,642,  an  average  of 
105  at  each  demonstration.  A  check  later  in  the  season  showed  that 
where  farmers  attended  demonstrations  and  followed  the  recommenda- 
tions, the  bugs  were  well  controlled  and  corn  protected ;  but  where  farm- 
ers for  some  reason  or  another  failed  to  follow  prescribed  methods  of 
using  creosote,  the  results  were  not  so  good.  From  the  congressional 
appropriation,  farmers  of  Indiana  received  534,187  gallons  of  creosote. 
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This  was  insufficient  to  meet  all  the  needs,  but,  through  the  cooperation 
of  the  Governor,  we  were  able  to  secure  an  additional  145,924  gallons 
from  the  State-Federal  Drought  Relief  Fund,  which  was  ample  for  our 
needs.  As  a  result  7,944  miles  of  creosote  barrier  were  maintained  at 
a  cost  for  material  of  approximately  $100,000.00  and  corn  at  a  value 
of  $1,312,500.00  was  saved  which  otherwise  would  have  been  destroyed 
by  the  insects  had  the  creosote  not  been  available.  It  was  further  esti- 
mated that  corn  and  small  grain  to  the  value  of  $1,653,105.00  were 
destroyed  by  the  bugs,  not  including  the  damage  by  the  drought,  and 
that  perhaps  half  of  this  loss  could  have  been  prevented  had  all  farmers 
using  creosote  followed  directions  and  had  the  creosote  been  available  10 
days  earlier. 
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The  prospects  for  1935  are  all  in  favor  of  the  chinch  bug.  In  spite 
of  the  downpour  of  rains  in  August  the  bugs  are  still  abundant.  The 
rains  undoubtedly  destroyed  large  numbers  of  the  bugs,  and  the  fact 
that  they  are  now  more  abundant  in  winter  quarters  in  most  localities 
and  more  widely  distributed  than  a  year  ago,  can  only  be  explained  by 
the  enormous  numbers  of  the  bugs  at  the  time  of  the  August  rains,  and 
that  in  spite  of  a  high  mortality,  large  numbers  survived.  We  have 
every  assurance  that  the  bugs  are  more  abundant  than  a  year  ago,  with 
the  exception  of  the  northwestern  corner  of  the  state,  and  that  we  can 
expect  90  per  cent  of  the  bugs  now  in  winter  quarters  to  come  through 
the  winter  safely.  The  only  conditions  which  are  likely  to  check  the 
pests  are  driving  rains,  or  continuous  rainy  weather  for  a  longer  period, 
during  the  last  two  weeks  in  May  and  the  first  three  weeks  in  June. 

The  free  distribution  of  creosote  for  chinch  bug  control,  like  the 
free  distribution  of  poisoned  bran  bait  to  the  farmers  of  the  grasshopper 
infested  regions  west  of  the  Mississippi  River,  is  a  departure  from  the 
prescribed  routine  of  the  federal  government.  Under  the  present  eco- 
nomic conditions  it  seems  to  have  been  justifiable  and  productive  of 
much  good  and  to  have  strengthened  the  morale  of  farmers. 

Hessian  fly  (Phytophaga  destructor  Say)  was  not  conspicuous  in  the 
fall  of  1933,  and  summer  scouting  in  1934  indicated  that  there  was  little 
infestation  in  Indiana,  excepting  in  the  east  central  counties,  including 
Wells,  Adams,  Blackford,  Jay,  Madison,  Delaware,  and  Randolph,  where 
30  per  cent  of  the  straws  were  infested.  In  general  the  Hessian  fly  is 
at  a  low  ebb  in  Indiana  with  little  prospect  of  an  outbreak  this  fall  or 
next  spring  unless  weather  conditions  should  be  extremely  favorable  to 
fly  activity. 

The  corn  earworm  (Heliothis  obsoleta  Fab.)  was  another  corn  pest 
which  thrived  during  1934.  From  June  27  until  frost  numerous  reports 
were  received  from  all  sections  of  Indiana,  indicating  an  abnormal 
abundance  of  earworms.  The  reports  first  came  from  southern  Indiana 
but  soon  extended  to  the  northernmost  counties.  Corn  was  the  crop  first 
reported  as  being  attacked,  but  as  the  weeks  rolled  by  numerous  reports 
were  received  of  injury  to  tomatoes,  green  peppers,  and  soybeans,  later 
entering  greenhouses  and  attacking  the  buds  of  geranium,  chrysanthe- 
mums and  other  flowering  plants.  One  report  from  LaPorte  County 
told  of  serious  injury  to  mint.  This  insect  is  a  more  or  less  regular 
pest  of  late  market  and  canning  corn,  but  only  about  every  10  years  is  it 
as  serious  and  widespread  as  in  1934.  Farmers  of  Indiana  can  do  little 
to  protect  their  crops  inasmuch  as  the  species  seldom  winters  over  in 
Indiana,  excepting  possibly  in  the  extreme  southern  portions,  which 
accounts  for  the  fact  that  it  is  seldom  observed  until  mid-season  or  later. 
The  two-lined  grasshopper  (Melanoplus  bivittatus  Say)  was  a  seri- 
ous pest  of  corn  and  soybeans  in  a  large  and  important  soybean  area 
in  Vanderburgh  County.  They  were  first  reported  July  21,  at  which 
time  the  nymphs  were  quite  small.  A  personal  investigation  in  July 
revealed  the  following  facts:  Grasshoppers  originated  in  fields  which 
were  in  soybeans  last  year;  the  infested  area  is  land  overflowed  by  the 
Ohio  River  each  spring;  this  soybean  stubble  ground  is  not  usually 
plowed  before  the  last  of  April;   grasshoppers  have  been  annual  pests 
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ever  since  soybeans  became  a  major  crop.     From  these  and  other  observa- 
tions it  is  believed  that  eggs  are  laid  in  soybean  stubble. 

The  pea  aphid  (Macrosiphum  pisi  Kalt.)  seriously  damaged  alfalfa 
in  Greene  County  April  20.  Other  reports,  evidently  referring  to  this 
insect,  were  received  from  several  other  southern  Indiana  localities. 

The  grain  aphid  (M.  granarium  Kirb.)  was  abundant  in  the  heads 
of  wheat,  the  first  two  weeks  in  June  in  southern  Indiana  but  ladybird 
beetles  soon  cleaned  up  the  infestations. 

Pale  striped  flea  beetle  (Systena  bla?ida  Melsh.)  was  unusually 
abundant  and  destructive  to  corn  in  the  northern  half  of  the  state,  the 
majority  of  reports  coming  in  June  6  to  14.  Destruction  amounting  to 
30  to  50  per  cent  of  corn  was  not  uncommon,  and  occasionally  the  damage 
to  the  young  corn  plants  was  100  per  cent.  In  one  instance  216  tomato 
plants  were  destroyed  in  a  single  night.  Other  plants  attacked  included 
soybean,  Canada  thistle,  morning  glory,  and  milkweed.  Several  other 
species  of  flea  beetles  were  reported,  the  potato  flea  beetles  (Epitrix 
cucumeris  Harr.),  eggplant  flea  beetle  (E.  fuscula  Crotch),  and  striped 
cabbage  flea  beetle  (Phyllotreta  vittata  Fab.)  being  the  most  important. 

European  corn  borer  (Pyrausta  nubilalis  Hub.)  is  less  abundant 
than  for  several  years.  Of  the  last  five  years,  three  have  been  abnormal 
and  decidedly  unfavorable  to  corn  borer  increase.  In  spite  of  these 
unfavorable  conditions,  the  borer  has  shown  some  increase  each  year 
until  the  present.  The  drought  and  high  temperature  at  the  time  eggs 
were  being  laid  resulted  in  the  curling  of  the  leaves  which  caused  the 
egg  clusters  to  "peel"  off. 

Only  two  definite  reports  of  abundance  of  army  worms  (Cirphis 
unipuncta  Haw.)  were  received,  these  coming  from  Dekalb  County, 
July  21,  and  Warrick  County,  August  15,  the  latter  in  bottom  land  corn. 

The  stalk  borer  (Papaipema  nebris  Gn.)  was  probably  less  abundant 
than  usual  although  several  reports  of  damage  were  received.  Reports 
of  appreciable  damage  to  oats  at  Rensselaer  and  to  corn  at  Crawfords- 
ville  and  Bloomfield  were  received  the  last  of  June.  During  July  and 
early  August  injury  to  corn  and  tomatoes  was  recorded  from  scattering- 
localities,  and  at  Rockport  dahlias  were  damaged. 

The  negro  bug  (Thyreocoris  pulicarius  Ger.)  was  abundant  on  corn 
in  the  bottom  lands  near  Mt.  Vernon,  June  21.  Injury  by  this  insect 
was  reported  from  Peru,  July  12,  but  the  crop  attacked  was  not  given. 

One  of  the  click  beetles  (Drasterius  elegans  Fab.),  was  received 
from  several  localities  but  was  definitely  reported  as  injuring  crops 
in  only  one  instance.  In  this  case  the  report  came  from  Greentown, 
June  30,  and  the  beetles  were  said  to  be  eating  the  corn  stalks  near  the 
base  "until  the  plants  fall  over." 

The  garden  webworm  (Loxostege  similalis  Gn.)  was  quite  destruc- 
tive to  alfalfa  from  August  6  to  24,  definite  records  of  serious  damage 
coming  from  Carroll,  Clinton,  Fulton,  Jay,  Morgan,  and  White  counties. 

White  grubs  (Lachnoster?ia  spp.)  damaged  strawberries  at  Acton 
and  perennials  at  Gary  the  last  of  September  and  early  October.  Appar- 
ently white  grubs  were  also  responsible  for  cutting  off  wheat  plants  at 
Greencastle  and  Columbus,  the  last  of  October  and  early  November. 
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Green  June  beetle  grubs  (Cotinis  nitida  Linn.)  were  damaging 
lawns  at  New  Albany,  Corydon,  and  Terre  Haute  the  latter  half  of 
August.  Apparently  the  parasite  (Scotia  dubia  Say)  was  very  abundant 
as  it  was  sent  in  from  a  number  of  southern  Indiana  localities. 

Sod  webworms  (Crambus  spp.)  were  less  abundant  than  for  the  past 
several  years  although  they  were  destructive  to  lawns  and  golf  greens 
in  several  scattered  localities. 

Adults  of  Chlorion  ichneupnoneum  L.  were  reported  abundant  at 
Shelbyville,  October  16,  nesting  in  and  disfiguring  lawns  much  as  do  ants. 

Mint  flea  beetle  (Longitarsus  menthaphagus  Gent.)  was  normally 
abundant,  continuing  as  a  major  pest  of  mint  in  the  northern  part  of 
the  state. 

Vegetable  Insects 

Mexican  bean  beetle  (Epilachna  corrupta  Muls.)  was  abundant  and 
destructive  throughout  the  state,  the  first  reports  arriving  the  middle 
of  June  and  continuing  into  October.  In  a  number  of  localities  the 
potato  beetle  killer  (Perilhis  bioculatus  Fab.)  was  commonly  observed 
attacking  the  bean  beetle  larvae. 

Red  spider  (Tetranychus  telarius  L.)  was  destructive  to  beans  and 
sweet  potatoes  at  Richmond  the  middle  of  June. 

Striped  cucumber  beetle  (Diabrotica  vittata  Fab.)  and  melon  aphid 
(Aphis  gossypi  Glov.)  were  normally  destructive  to  melon  and  cucum- 
bers in  many  sections  of  the  state  from  early  June  until  early  July. 
The  aphid  continued  its  abundance  until  the  last  of  August. 

Squash  bug  (Anasa  tristis  De  G.)  was  abundant  on  squash  and 
pumpkin  in  a  few  localities  during  the  season. 

Mole  crickets  (Gryllotalpa  borealis  Burm.)  were  reported  damaging 
potatoes  in  low  ground  near  Elkhart,  June  4. 

Tarnished  plant  bug  (Lygus  pratensis  L.)  damaged  potatoes,  espe- 
cially blossoms,  in  northern  Indiana  the  latter  half  of  June  and  during 
July. 

False  chinch  bug  (Nysius  ericoe  Schil.)  was  abundant  during  the 
past  season  and  reported  from  a  variety  of  plants.  At  Winamac  they 
were  damaging  potatoes  July  5. 

Gray  blister  beetle  (Epicauta  cinerea  Forst.)  was  destructive  to 
potatoes  at  DePauw,  July  8. 

Cabbage  worms  (Pieris  rapae  L.)  were  very  abundant  and  destruc- 
tive throughout  the  state  from  the  last  of  June  until  September. 

The  Harlequin  bug  (Murgantia  histrionica  Hahn)  was  very  destruc- 
tive to  cauliflower  and  cabbage  from  early  July  until  early  October. 
It  was  not  uncommon  as  far  north  as  Lafayette. 

Cabbage  aphid  (Aphis  brassicae  L.  )was  normally  abundant  through- 
out Indiana. 

The  omnivorous  aphid  (Mi/zus  persicae  Sulz.)  was  abundant  on  to- 
mato at  Lafayette  June  1. 

Green  tomato  worm  (Protoparce  quinquemaculata  Haw.)  was  nor- 
mally abundant,  reports  of  defoliation  of  plants  having  been  received 
from  the  last  of  August  until  the  middle  of  September. 
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Corn  earworm  (Heliothis  obsoleta  Fab.)  was  very  destructive  to 
tomato  fruits  as  reported  under  corn  insects. 

Onion  thrips  (Thrips  tabaci  Lind.)  was  very  abundant  in  northern 
Indiana  the  last  of  June  and  early  July,  but  later  seemed  largely  to 
disappear,   with   less   injury   than   early   observations   would    anticipate. 

Rhubarb  curculio  (Lixus  concavus  Say)  was  reported  damaging 
rhubarb  in  a  number  of  southern  Indiana  localities  the  first  half  of  June. 

Fruit  Insects 

Codling  moth  (Carpocapsa  fomonella  L.)  appeared  in  large  num- 
bers, the  first  moths  four  or  five  days  earlier  than  in  1933.  Three  full 
broods  and  apparently  a  partial  fourth  developed  in  southern  Indiana 
while  two  full  broods  and  a  partial  third  occurred  in  northern  Indiana. 
The  hot,  dry  conditions  apparently  somewhat  checked  increase  during  the 
latter  half  of  the  season  in  some  sections,  although  in  general  it  held 
its  own  and  is  overwintering  in  large  numbers. 

Oriental  fruit  worm  (Laspeyresia  molesta  Busck)  came  out  in  large 
numbers;  but  because  of  failure  of  the  peach  crop  in  most  sections  of 
the  state,  they  have  apparently  made  little  headway  and  are  probably 
in  fewer  numbers  than  in  1933. 

The  Japanese  beetle  (Popillia  japonica  Newm.)  was  taken  in  gov- 
ernment bait  traps  in  Indianapolis  for  the  first  time.  Seventeen  beetles 
were  taken,  all  in  an  area  of  less  than  45  acres;  and  it  is  not  unlikely 
this  insect  is  now  established  in  Indiana  and  will  gradually  increase  as 
it  has  done  in  most  localities  where  it  has  become  established.  The 
seriousness  of  this  new  introduction  cannot  be  under-estimated. 

Fruit-tree  leaf-roller  (Archips  argyrospila  Walk.)  was  reported  very 
destructive  to  apple  at  St.  Joe,  May  24,  this  being  the  first  report  of 
abundance  in  Indiana  during  the  past  12  or  more  years. 

Half  grown  larvae  of  Samia  cecropia  L.  was  abundant  feeding  on 
plum  foliage  at  Shelbyville,  July  5. 

Cherry  slug  (Erioeampoides  limacina  Retz.)  defoliated  cherry  in 
northern  Indiana  early  in  August. 

Rose  chafer  (Macrodactylus  subspinosus  Fab.)  damaged  peaches  in 
the  northern  part  of  the  state  early  in  June,  but  in  general  was  less 
abundant  in  Indiana  than  usual. 

Buffalo  tree-hopper  (Ceresa  bubalus  Fab.)  egg  punctures  were  un- 
usually abundant  in  apple  twigs  in  northern  Indiana  the  past  winter. 

Shot  hole  borer  (Scolytus  rugulosus  Ratz.)  was  conspicuously  abun- 
dant in  the  northern  part  of  the  state,  especially  on  peach  and  cherry. 

Flat-headed  borer  (Chrysobothris  femorata  Oliv.)  was  unusually 
abundant  on  apple  as  reported  under  shade  tree  insects. 

The  peach  tree  borer  (Aegeria  exitiosa  Say)  was  present  in  normal 
abundance. 

San  Jose  scale  (Aspidiotus  perniciosus  Comst.)  was  normally  abun- 
dant in  most  localities,  although  apparently  increasing  in  importance  in 
a  few  orchards. 

Raspberry  cane  borer  (Oberea  bimaculata  Oliv.)  was  reported  from 
Fort  Wayne,  June  10,  at  which  time  the  egg  punctures  were  abundant 
in  raspberry  canes. 
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Grape  leaf-hopper  (Erythroneura  comes  Say)  was  very  abundant 
and  destructive  through  central  Indiana  during  July  and  early  August. 

Grape  leaf -folder  (Desmia  funeralis  Hbn.)  was  reported  abnormally 
abundant  at  Makey  and  Washington  the  last  of  August. 

Shade  Tree  and  Shrub  Insects 

Box-elder  bug  (Leptocoris  trivittatus  Say)  was  more  abundant  and 
widespread  than  any  year  of  our  records.  This  year  it  was  reported 
from  the  extreme  ends  of  the  state,  and  there  was  not  a  week,  and 
scarcely  a  day,  that  a  report  was  not  received.  There  appear  to  be  two 
definite  generations  in  central  Indiana,  the  eggs  from  the  second  genera- 
tion being  laid  the  latter  part  of  July.  Observations  corroborate  those 
already  reported,  to  the  effect  that  the  bugs  breed  on  female  or  seed- 
bearing  box-elders  and  avoid  male  trees.  However,  the  insects  where 
abnormally  abundant  seem  to  injure  a  variety  of  plants.  Apparently 
in  some  instances  the  insect  is  destructive  to  the  box-elder  although 
most  complaints  arise  because  of  their  abnormal  abundance  or  because 
they  are  annoying  in  the  home. 

Bagworms  (Thyridopteryx  ephemerae formis  Haw.)  were  abundant 
as  far  north  as  Lafayette,  about  as  in  1933. 

Catalpa  caterpillers  (Ceratomia  catalpae  Boisd.)  defoliated  catalpa 
trees  in  many  southern  Indiana  localities. 

Oyster  shell  scale  (Lepidosaphes  ulmi  L.)  was  reported  abundant 
in  a  few  localities  but  in  general  perhaps  less  than  usual. 

European  elm  scale  (Gossyparia  ulmi  L.)  appeared  in  conspicuous 
abundance  in  several  isolated  localities. 

A  lecanium  scale  (probably  Lecanium  fletcheri)  was  abundant  on 
arbor  vitae  at  Pendleton  in  July. 

Elm  scurfy  scale  (Chionaspis  americana  John.)  was  normally 
abundant. 

The  linden  aphid  (Longistigma  longistigma  Mon.)  was  very  abun- 
dant on  pin  oak  at  Evansville,  May  31. 

Cockscomb  elm  gall  (Colopha  ulmicola  Mon.)  was  abundant  through- 
out the  northern  half  of  Indiana  the  last  of  June. 

Elm  rosette  (Eriosoma  lanigerum  Haus.)  and  elm  leaf  curl 
(Schizoneura  americana  Ril.)  were  reported  from  numerous  localities  in 
the  state  during  June. 

Sycamore  lace  bug  (Corythuca  ciliata  Say)  was  abundant,  as  usual, 
at  Lafayette  in  July. 

Carpenter  worm  (Prionoxystus  robiniae  Peck)  was  received  from 
Walkerton,  June  1,  at  which  time  the  moths  were  laying  eggs. 

Maple  flat-headed  borer  (Chrysobothris  femorata  Oliv.)  was  defi- 
nitely more  abundant  on  both  maple  and  apple  than  normal.  The  first 
reports  were  received  in  August  and  continued  until  November.  All  of 
the  reports  came  from  the  northern  half  of  the  state. 

Twig  pruner  (Ellaphidiun  villosum  Fab.),  cutting  oak  twigs,  was 
very  abundant  in  several  localities  in  northeastern  Indiana,  the  reports 
having  come  in  the  last  of  June  and  early  July. 

Poplar  borer  (Saperda  calcarata  Say)  was  reported  very  abundant 
in  a  few  localities  in  the  northern  half  of  the  state. 
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Red  spider  (Tetranychus  tetanus  L.)  was  normally  abundant,  re- 
ports of  injury  being  received  from  southern,  central,  and  northern 
Indiana  to  evergreens,  moonflower  vine,  and  beans. 

Flowering  Plants 

Gladiolus  thrips  (Taeniothrips  gladioli  Moult.)  is  now  quite  gen- 
erally distributed  over  Indiana  and  will  probably  be  an  annual  pest  of 
importance  to  gladiolus. 

Red  spider  (Tetranychus  telarius  L.)  has  been  reported  as  a  serious 
pest  in  commercial  dahlia  gardens  at  Dublin  for  the  past  two  seasons. 

Wireworms  (Elateridae)  damaged  dahlias  at  Hammond  early  in 
June. 

The  rose  stem  girdler  (Agrilus  viridus  fagi  Ratz),  a  pest  recently 
imported  into  the  United  States  from  Europe,  was  reported  in  Rugosa 
roses  at  Fort  Wayne,  July  8,  the  correspondent  stating  that  this  pest 
was  observed  first,  two  years  ago,  on  plants  purchased  from  a  Cleveland, 
Ohio,  dealer.  Later  in  the  season  the  same  insect  was  reported  on 
Rugosa  roses  at  Decatur  and  Muncie. 

Hollyhock  plant  bug  (Melanotrichus _althaeae  Huss.)  damaged  holly- 
hock at  Muncie  and  Lafayette  the  last  of  June  and  during  July. 

Delphinium  mite  (Tarsonemus  pallidus  Banks)  was  reported  abun- 
dant and  destructive  to  delphiniums  at  Martinsville,  May  18. 

Alternanthera  worm  (Hymenia  perspectalis  Hbn.)  appeared  in 
abundance  at  Lafayette,  defoliating  alternanthera  plantings  during 
September. 

Miscellaneous  Pests 

Termites  (Reticulitermes  flavipes  Koll.)  continue  as  very  destruc- 
tive pests  of  buildings  throughout  the  state.  In  several  instances  they 
damaged  chrysanthemum  and  geranium  in  greenhouses. 

Powder  post  beetles  (Lyctus  sp.)  have  been  repeatedly  reported  from 
all  parts  of  Indiana  as  destructive  to  a  variety  of  items,  including  wooden 
ice-box,  log  cabin,  oak  molding,  and  other  interior  woodwork  of  homes 
and  timbers  of  barns. 

The  usual  number  of  inquiries  have  been  received  relative  to  ants, 
fleas,  bedbugs,  house  centipedes,  cockroaches,  silverfish,  carpet  beetles, 
clothes  moths  in  clothing  and  furniture,  and  cigarette  beetles  in  furniture. 

Crickets  were  reported  as  annoying  from  several  localities  and 
were  "amazingly  abundant  in  a  store  at  Petersburg  in  June." 

The  ham  mite  (Tyroglyphus  sp.)  was  exceptionally  abundant  on 
meats  in  a  store  at  Monon  during  June. 

Chiggers  (Trombicula  sp.)  were  common  throughout  the  state  as 
annoying  pests  and  were  reported  abundant  in  lawns  in  a  number  of 
localities  the  last  half  of  July. 

Brown  dog  tick  {Rhipicephalus  sanguineus  Latr.)  was  reported 
from  Indianapolis  and  Lafayette. 

Grain  beetles  and  weevils,  and  the  bean  weevil,  were  normally 
abundant. 

A  dermestid  (Trogoderma  tar  sale  Melsh.  Back  det.)  was  a  pest  in 
chocolate-coated  farina  at  Warsaw  during  September. 
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Pest  Mosquito  Control  Project 

As  a  feature  of  the  Civil  Works  Administration  (CWA),  pest  mos- 
quito control  was  recognized  as  a  desirable  project  and  was  inaugurated 
in  Indiana,  December  15,  1933,  with  an  allotment  of  300  unskilled  lab- 
orers and  seven  supervisors.  Operations  were  conducted  in  Indianapolis, 
Fort  Wayne,  Noblesville,  Greencastle,  Terre  Haute,  Vincennes,  and  Bed- 
ford. The  importance  of  the  mosquito  as  an  annoying  pest  and  as  a 
carrier  of  malaria  in  Indiana  was  recognized,  but  we  had  no  previous 
surveys  upon  which  to  base  plans  for  work.  Fortunately,  we  were  en- 
couraged and  assisted  by  city  and  county  health  officials,  who  were  aware 
of  conditions  in  their  communities,  and  were  able  to  organize  in  the  cities 
noted.  The  cooperation  received  from  the  State  Board  of  Health  and 
the  local  health  officers  and  engineers,  enabled  us  to  carry  out  a  success- 
ful program. 

In  some  cases  the  work  included  filling  in  of  holes  which  were 
important  breeding  places  for  mosquitoes.  Such  was  the  case  at  Green- 
castle where  old  stone  quarry  dumps,  just  back  of  DePauw  University, 
were  filled  in.  In  most  cases  the  project  was  one  dealing  with  proper 
ditching  operations  to  eliminate  sluggish  ditches  or  back  water  sloughs. 
Not  only  did  these  projects  provide  useful  work  for  unemployed  and 
eliminated  many  important  mosquito  breeding  places,  but  in  addition 
they  noticeably  improved  sanitary  conditions  and  the  appearance  of 
ditches  and  their  surroundings.  The  project  aroused  an  appreciation 
of  the  value  of  such  work  as  demonstrated  by  the  fact  that  five  of  the 
projects  were  continued  by  local  relief  funds  after  the  federal  funds 
were  exhausted  February  15,  1934. 
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SOME   SPIDERS   OF   THE   GENUS   TETRAGNATHA 


Edward  Kintner,  Manchester  College 

At  various  times  spiders  of  this  genus  have  been  studied  by  the 
writer  at  Indiana  University  Biological  Station  at  Winona  Lake.  These 
spiders  are  characterized  by  three  peculiarities  that  serve  to  identify 
them  rather  readily — they  prefer  a  location  over  or  near  water  (a  few 
other  spiders  share  this  with  them)  ;  they  have  comparatively  long, 
rather  cylindrical  bodies;  and  they  have  chelicerae  that  are  extremely 
large  for  the  size  of  the  spider.  The  main  impression  they  give  as  to 
color  is  one  of  varying  shades  of  gray  or  yellowish-gray,  marked  by  fine, 
wavy,  longitudinal  lines  and  stipples  of  darker  colors.  Even  those  of 
the  same  species  are  quite  variable  as  to  color,  some  being  very  light, 
while  others  have  darker  shades  predominating  and  they  thus  present 
a  very  dark,  grayish-black  appearance.  The  above  applies  to  the  fe- 
males, but  the  males  display  few  markings  or  none  at  all.  They  are  a 
fairly  uniform  color  in  a  given  specimen  varying  from  a  light  fawn  in 
some,  to  a  deep  rufous  in  others.  Six  species  have  been  found,  located 
for  the  most  part  on  rushes  that  grow  in  the  shallow  water  at  various 
places  along  the  shore.  These  rushes  grow  out  to  considerable  distances 
from  shore  at  some  points,  and  the  spiders  were  distributed  out  about 
as  far  as  the  rushes.  Tetragnatha  elongata  and  T.  extensa  were  found 
in  a  few  cases  on  shrubs  overhanging  the  water,  but  the  other  species 
were  found  only  on  the  rushes. 

They  are  well  adapted  to  live  on  the  rushes.  Their  first  pair  of 
legs  is  longest,  being  in  some  of  the  larger  females  of  T.  elongata  nearly 
an  inch  and  a  half  long.  These  are  frequently  used  much  as  an  insect 
would  use  its  antennae.  The  second  pair  of  legs  is  slightly  over  half 
the  length  of  the  first,  the  third  pair  one-fourth  this  length,  while  the 
fourth  pair  is  approximately  the  length  of  the  second,  or  twice  the  third. 
When  they  locate  on  the  heads  of  the  rushes,  they  sometimes  assume 
the  position  commonly  taken  by  some  other  Argiopidae  with  their  legs 
drawn  up  till  they  are  somewhat  sickle-shaped;  but  the  more  charac- 
teristic pose  is  one  in  which  the  first  two  pairs  of  legs  are  stretched 
straight  forward,  lengthwise  of  the  rush,  the  fourth  pair  straight  back, 
while  the  third  pair  clasps  the  stem.  Occasionally  one  may  observe 
them  make  their  hold  more  secure  by  slipping  the  claw  of  a  chelicera 
under  one  of  the  threads  they  usually  have  running  lengthwise  of  the 
rush.  In  this  position  they  are  difficult  to  see  as  they  blend  very  well 
with  their  surroundings. 

The  following  species  have  been  identified:  T.  elongata,  the  largest 
species,  specimens  having  been  found  that  measured  rather  more  than 
two  inches  when  fully  extended;  T.  extensa,  smaller  than  the  preceding 
but  like  it  in  having  prominent  chelicerae;  T.  vermiformis,  probably  the 
most  numerous;  T.  laboriosa;  T.  straminea;  and  T.  palidula. 
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Because  no  spring  observations  were  made,  the  time  of  their  moving 
out  onto  the  rushes  was  not  determined,  but  by  July  1,  egg-cases  may  be 
seen  on  the  stems  of  the  rushes,  many  of  them  empty.  Molt-skins  testify 
to  the  same  thing — that  the  earlier  laid  eggs  have  already  hatched  and 
the  young  have  grown  up,  or  nearly  so.  The  latest  observation  was 
made  October  23  of  this  year,  and  at  that  time  none  of  these  spiders 
were  to  be  found  on  the  rushes.  They  had  evidently  returned  to  the 
shore  for  the  winter. 

The  female  lays  her  eggs  in  a  flat  mass  about  an  eighth  of  an  inch 
in  diameter,  and  covers  it  with  a  small  amount  of  fluffy  silk  and  over 
this  a  much  denser  covering.  This  is  somewhat  spindle-shaped,  as  a 
rule,  and  is  closely  attached  lengthwise  to  the  side  of  the  rush.  Some- 
times two  or  three  more  of  these  are  added  on  the  same  rush.  They 
may  be  strung  along  at  intervals  of  half  an  inch  or  so,  but  sometimes 
they  partly  overlap.  On  the  whole,  they  have  a  characteristic  appearance 
and  are  rather  easily  seen.  Females  of  the  first  two  species  named  above 
are  not  often  found  with  their  egg  masses,  but  those  of  the  other  species 
are  usually  faithful  in  keeping  a  watch  over  their  eggs.  Their  favorite 
position  is  to  extend  lengthwise  of  the  rush,  head  down,  just  below  the 
egg-mass  with  their  last  pair  of  legs  reaching  up  over  it.  Occasionally 
they  will  assume  a  similar  position  above  the  eggs  so  their  front  pairs 
of  legs  extend  over  them.  If  they  are  disturbed,  they  will  move  away, 
but  soon  return  to  their  former  position,  where  they  remain  a  consider- 
able time.  One  was  observed  daily  over  a  period  of  three  weeks  and 
during  this  time  she  did  not  appear  to  leave  her  rush  except  possibly 
when  she  may  have  constructed  an  orb.  At  least,  she  was  always  at 
her  post  in  daytime  regardless  of  weather  conditions. 

At  the  beginning  of  this  three-weeks  period,  this  female  had  cap- 
tured another  spider  of  a  different  genus  and  had  made  a  meal  of  it.  A 
week  later  a  small  orb  was  attached  to  her  rush,  but  the  other  side  of 
the  web  was  attached  to  a  rush  on  which  another  female  was  located 
and  it  was  not  possible  to  say  to  which  it  belonged.  On  it  were  three 
or  four  small  gnats,  but  other  than  this  there  was  no  evidence  available 
as  to  her  food  during  this  period,  as  this  orb  lasted  but  one  day.  It  is 
probable  that  she  may  have  captured  insects  that  alighted  on  her  rush. 
In  all  she  laid  three  masses  of  eggs  at  weekly  intervals  and  maintained 
her  size,  so  she  was  evidently  securing  food  in  some  manner. 

While  these  are  orb-weaving  spiders,  very  few  orbs  are  to  be  seen 
and  they  must  depend  on  other  means  to  secure  their  prey.  Occasionally 
remains  of  mayflies  and  other  insects  are  to  be  seen  on  the  rushed  where 
they  have  been  fastened  by  a  thread  or  two  of  silk,  but  it  is  probable 
that  they  capture  some  insects  after  the  manner  of  the  Attidae  and  then 
drop  them  into  the  water  below  after  they  have  sucked  them  dry.  The 
webs  they  occasionally  weave  are  very  weak,  flimsy  affairs.  An  ordinary 
house-fly  was  killed  and  dropped  on  one  of  these,  but  no  matter  how 
carefully  it  was  placed  on  the  web,  it  always  broke  through.  No  cases 
of  cannibalism  in  the  same  species  was  observed,  but  it  is  not  uncommon 
to  find  where  one  dined  on  another  of  a  different  genus  or  even  another 
species. 
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The  sexes  get  along  very  amicably,  in  general.  On  numerous  occa- 
sions a  male  and  a  female  were  found  on  the  same  rush,  and  either  might 
move  about  at  will  without  disturbing  the  other.  If  the  moving  one 
came  in  contact  with  the  other,  but  little  notice  was  given  it,  though 
sometimes  the  one  at  rest  would  move  slightly  to  give  the  other  oppor- 
tunity to  pass  without  change  of  path,  and  sometimes  the  moving  spider 
would  go  straight  ahead  over  the  other  as  it  would  have  gone  over  any 
other  obstacle  of  similar  size. 

The  sexes  in  T.  elongata  and  T.  extensa  were  less  inclined  to  be 
friendly,  and  members  of  unlike  species  are  openly  hostile.  If  a  spider 
of  another  species  came  along  where  one  was  quietly  extended,  the  latter 
usually  dashed  at  the  intruder.  Sometimes  the  one  thus  threatened 
retreated  rapidly,  but  if  he  stood  his  ground,  there  were  usually  a  few 
moments  of  rapid  movement  and  wildly  flying  legs  after  which  they 
moved  quickly  apart.  The  favorite  method  of  injuring  an  opponent  is 
to  seize  one  of  its  legs  between  the  basal  parts  of  the  chelicerae.  The 
fight  is  soon  over  when  this  happens,  for  the  victim  then  bends  every 
energy  to  escaping. 

In  addition  to  what  might  be  considered  the  usual  enemies  of 
spiders,  these  have  at  least  three  others  of  interest.  In  one  count  at 
least  fifty  per  cent  of  the  egg-masses  were  parasitized  by  certain  insects. 
As  a  rule,  all  of  the  eggs  or  young  spiders  are  devoured  by  their  larvae, 
but  nests  were  found  where  a  few  escaped.  One  of  these  parasites  is 
Plewotropis  wilderi,  one  of  the  Chalcidoidea,  and  a  single  nest  will  some- 
times contain  fifteen  or  twenty  of  these.  A  second  is  a  small  fly  much 
resembling  a  common  house-fly  in  appearance  except  that  it  is  very 
much  smaller.  Neither  of  these  was  observed  as  it  parasitized  the  egg- 
mass,  but  they  could  be  secured  from  the  nests.  This  fly  belongs  to 
the  genus  Siphonella,  but  its  species  is  undetermined.  The  third  is  one 
of  the  Ichneumonidae  of  the  genus  Arachnoleter,  an  undetermined 
species.  One  of  these  was  observed  as  it  inserted  its  ovipositor  into  the 
egg-case  of  the  spider  while  the  latter  sat  facing  her  not  over  an  inch 
away.  These  are  not  as  numerous  as  the  two  preceding,  but  they  are 
not  infrequently  found  in  the  egg-cases. 

I  am  indebted  to  the  National  Museum  for  the  identification  of 
these  parasites. 
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HERONS  ALONG  BIG  FLAT  ROCK  RIVER  IN  RUSH 
COUNTY,  INDIANA 


Chester  M.  Alter1  and  David  0.  Alter2 

The  occurrence  of  the  heron  family  in  Indiana  is  not  unusual,  and 
certain  species  are  well  known  inhabitants  of  the  state.  This  note  is  not 
for  the  purpose  of  reporting  any  new  species  found  in  the  state,  but  to 
call  the  attention  of  bird  students  to  the  increase  in  number  of  one  of 
the  species  during  the  past  few  years;  to  relate  an  unusual  exhibition 
of  several  species  together  in  Orange  Township,  Rush  County,  Indiana, 
one  day  in  1934;  and  to  give  a  brief  introductory  report  of  a  heronry 
located  in  this  state. 

The  Little  Blue  Heron  (Ardea  coerulea  L.)  is  one  of  the  more 
tropical  species  of  this  family  (Ardeidae).  It  is  reported  to  breed  as 
far  north  as  southern  Missouri,  Illinois,  Indiana,  Ohio,  and  Virginia, 
and,  rarely,  along  the  Atlantic  Coast  as  far  north  as  New  Jersey.  After 
the  breeding  season,  it  wanders  regularly  as  far  north  as  southern 
New  England,  and  occasionally  or  accidentally  to  Nova  Scotia,  Quebec, 
Ontario,  Michigan,  Wisconsin,  and  Colorado.  Even  in  the  central  part 
of  Indiana  it  has  always  been  regarded  as  a  rare  visitor. 

On  July  20,  1921,  one  of  us  observed  a  flock  of  about  thirty  white 
birds  flying  in  an  easterly  direction.  They  were  moving  nervously  just 
ahead  of  a  severe  wind  and  electrical  storm.  A  few  days  later,  a  group 
of  white  birds  was  reported  to  be  fishing  along  Big  Flat  Rock  River  in 
the  northeast  corner  of  Orange  Township,  Rush  County,  a  distance  of 
about  a  mile  from  where  the  group  was  seen  in  flight.  These  birds  were 
observed  and  one  was  shot  and  carefully  examined.  They  proved  to  be 
young  Little  Blue  Herons  (Ardea  coerulea  L.).  They  were  observed  fish- 
ing this  stream  for  about  a  month  and  then  disappeared. 

Nearly  every  summer  since  that  time  these  young  birds  have  ap- 
peared in  this  locality  and  each  time  in  increasing  numbers.  During 
the  late  summer  of  1934  they  were  present  in  far  greater  numbers  than 
heretofore.  The  authors  at  that  time  had  the  opportunity  to  cover  Big 
Flat  Rock  River  along  its  course  through  Rush  County.  At  any  point 
along  the  river  one  could,  at  nearly  any  time,  observe  from  one  to  twenty 
birds.  Along  this  one  stream  there  must  have  been  hundreds  of  these 
young  Little  Blue  Herons. 

It  is  rather  interesting  to  note  that  no  adult  Little  Blues  have  been 
seen  in  this  section  of  the  state,  although  careful  and  repeated  searches 
have  been  made  for  them.  It  is  evident  that  the  young  birds  have 
wandered  farther  than  the  adults  from  the  nesting  places. 

Due  to  the  fact  that  the  young  of  this  species  are  white,  they  are 
often  mistaken  for  the  Snowy  Egret  in  fall  plumage;  but  they  can  be 
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differentiated  therefrom  by  the  slate-blue  markings  at  the  end  of  the 
primaries. 

On  August  21,  1934,  while  tramping  along  Big  Flat  Rock  River  in 
the  above  locality,  the  authors  had  the  opportunity  to  identify  five  species 
of  the  family  Ardeidae,  subfamily  Ardeinae,  from  the  same  blind  and 
within  a  span  of  not  more  than  five  minutes.  Four  of  these  were  seen 
at  the  same  time  by  one  of  us,  and  they  were  all  fishing  in  the  shallow 
water.  They  were  separated  by  not  more  than  fifty  yards  distance. 
Seen  here  together  were  two  Great  Blue  Herons  (Anlea  he.rodias,  L.), 
one  American  Egret  (Casmerodius  egretta  Gmelin),  one  Black-Crowned 
Night  Heron  (Nycticorax  naevius  Boddaert),  and  four  young  Little 
Blue  Herons  (Ardea  coerulea  L.).  Within  five  minutes  or  less,  a  Little 
Green  Heron  (Ardea  virescens  L.)  flew  by,  but  did  not  stop  to  visit 
with  his  relatives. 

The  third  portion  of  this  note  is  to  report  the  existence  of  a  very 
old  heronry  on  the  farm  of  Mr.  Vankirk  in  the  extreme  northwest 
corner  of  Decatur  County,  which  adjoins  Orange  Township,  Rush  County, 
Indiana.  This  nesting  place  of  the  herons  is  in  one  of  the  largest  woods 
of  the  section  and  is  about  half  a  mile  from  any  farmhouse  or  road. 
It  wras  reported  that  the  Big  Blue  Herons  have  been  nesting  in  this 
same  place  for  about  eighty  years,  but  as  far  as  can  be  determined, 
there  is  no  accurate  record  of  this. 

The  authors  visited  this  place  during  the  latter  part  of  August,  1934, 
long  after  the  nesting  season,  of  course.  About  fifty  nests  were  seen  in 
trees  at  that  time;  but,  no  doubt,  there  were  more  since  the  foliage  was 
dense  and  the  nests  wrere  all  high.  Practically  all  the  nests  were  in 
large  beech  trees  and  were  grouped  closely  together  in  only  a  small 
section  of  the  wroods.  As  many  as  eight  nests  were  counted  in  one 
tree.  Under  nearly  every  tree  bearing  nests  were  the  remains  of  nests 
which  had  been  blown  from  the  tree.  The  size  of  many  of  the  nests 
was  phenomenal,  some  being  five  or  six  feet  across  and  two  or  three 
feet  deep.  Since  they  were  built  of  branches  and  sticks  of  considerable 
size  they  must  have  weighed  a  hundred  pounds  or  more.  Some  nests 
seemed  to  be  smaller,  and  were,  no  doubt,  those  of  other  species  of 
heron,  probably  the  Black-Crowned  Night  Heron. 

Many  carcasses  of  the  Big  Blue  Herons  were  found  under  the  nests. 
These  were  probably  of  young  birds  which  had  fallen  from  the  nests 
(all  seemed  to  be  of  full  size)  or  of  birds  shot  from  the  trees. 

The  herons  were  using  this  same  woods  as  a  roosting  place  at  the 
time  the  authors  visited  the  woods.  An  interesting  report  of  the  habits 
of  these  birds  was  given  by  a  native  of  the  community.  She  reported 
that  the  birds  fished  all  day,  came  back  to  the  wroods  about  five  o'clock, 
rested  for  an  hour  or  two,  and  then  left  again.  It  is  more  probable 
that  she  saw  the  Big  Blues  returning  in  the  afternoon  and  then  later 
in  the  evening,  just  at  dusk,  the  Black-Crowned  Night  Herons  were  seen 
leaving  for  their  night  of  fishing. 

Since  the  visit  to  this  heronry  was  made  after  the  nesting  season 
was  over,  a  more  complete  study  of  conditions  there  cannot  be  given. 
It  is  the  intention  of  the  authors  to  make  a  thorough  study  of  this  inter- 
esting rendezvous  of  one  family  of  our  more  common  birds  next  season, 
after  which  a  more  detailed  and  more  accurate  report  may  be  given. 
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EXTERNAL  FEATURES  OF  THE  LARVA  OF 
HYDROMYZA  CONFLUENS 


Cleveland  P.  Hickman,  DePauw  University 

This  paper  deals  with  the  external  anatomy  of  the  larva  of  Hydro- 
myza  confluens  Loew,  a  dipterous  insect  associated  in  some  localities  with 
yellow  water-lily  beds.  This  insect  deposits  its  eggs  on  the  surface  of 
the  floating  leaf  petioles  of  the  yellow  water-lily  (Nymphaea  americana) . 
So  far  as  is  known  oviposition  is  restricted  entirely  to  this  particular 
plant,  as  other  aquatic  plants,  such  as  the  white  water-lily,  which  is 
often  found  in  the  same  locality,  are  unmolested.  Two  other  workers 
have  given  some  attention  to  the  morphology  of  this  larva.  Needham 
(1908,  pp.  270-271)  described  a  few  of  the  more  obvious  external  char- 
acters of  the  larva.  Later  Welch  (1917,  pp.  39-40)  confirmed  the  results 
of  Needham  and  presented  new  data  on  the  features  of  size,  segmenta- 
tion, and  cuticular  spines  of  the  larva's  external  features.  The  present 
study  re-checks  the  work  of  these  two  workers  and  adds  some  new 
observations  made  in  the  course  of  the  investigation. 

Acknowledgments  are  due  Dr.  Paul  S.  Welch  of  the  University  of 
Michigan  for  his  assistance  and  for  the  material  used  in  the  investi- 
gation. 

Materials  and  Methods.  The  specimens  used  were  collected  by  Dr. 
Welch  from  the  petioles  of  the  yellow  water-lily  at  Douglass  Lake, 
Michigan.  They  were  killed  by  being  dropped  into  hot  water  and  then 
preserved  in  85%  alcohol.  As  many  of  the  external  organs  are  heavily 
chitinized,  it  was  necessary  to  use  clearing  agents  to  make  out  their 
structures.  The  best  method  for  clearing  was  found  to  be  a  bath  of 
20-24  hours  in  a  10%  solution  of  potassium  hydroxide.  A  gentle  boiling 
in  a  2%  solution  of  sodium  hydroxide  followed  by  a  long  bath  in  xylol 
also  gave  excellent  results.  The  former  of  these  two  methods  showed 
the  spiracles  of  the  stigmal  plates  well.  The  skins  were  first  mounted 
in  glycerin  and  later  in  balsam. 

General  Somatic  Features 

Alcoholic  specimens,  uncleared  material,  are  pale  yellowish  or  dull 
whitish  in  color,  except  the  chitinous  parts  which  are  brownish  black. 
Specimens  just  removed  from  preserved  petioles  are  almost  pure  white. 
Shed  skins  are  dark  brown. 

The  body  is  cylindrical  and  consists  of  a  head  followed  by  eleven 
segments.  The  thoracic  segments  are  the  thickest,  and  from  this  blunt 
anterior  region  the  body  tapers  gradually  to  the  posterior  end.  Full- 
grown  larvae  (preserved  specimens)  are  about  8.9  mm.  in  length.  The 
greatest  diameter,  occurring  in  the  region  of  third  and  fourth  somites, 
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Fig.  1.  Lateral  view  of  mature  larva:  M,  mouth,  with  mouth-hooks 
protruding;   CP,  cribriform  plate.  SP,  stigmal  plate. 

Fig.  2.  Lateral  view  of  mouth-hooks  dissected  out:  MH,  hooks  that 
protrude  from  the  mouth. 

Fig.  3.  Dorso-lateral  view  of  cribriform  plate  dissected  out:  P, 
perforations  in  dorsal  part  of  plate;  A,  place  of  attachment  to  tracheal 
system. 

Fig.  4.  Lateral  view  of  stigmal  plate:  A,  place  of  attachment  to 
trunk  tracheal  system:  Si,  S2,  S3,  Spiracles. 

Fig.  5.  Dorsal  view  of  segments  2,  3,  and  4,  showing  arrangement 
of  cuticular  spines:    CS,  cuticular  spine. 
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is  2.4  mm.  The  diameter  of  the  last  segment  is  1.25  mm.  None  of  the 
segments  differ  from  each  other,  except  in  size  and  chitinous  parts. 

Distinct  shallow  grooves  separate  the  segments  from  each  other,  and 
the  segments  in  turn  are  subdivided  by  irregular  transverse  constric- 
tions, which  seem  most  pronounced  on  the  posterior  segments.  Longi- 
tudinal furrows  on  the  various  segments  are  not  uncommon. 

The  body  is  covered  with  numerous  cuticular  spines  which  are  so 
small  that  they  are  not  perceptible  to  the  unaided  eye.  The  cuticle 
is  smooth,  and  when  dissected  out  is  very  thin.  Other  chitinized  parts 
are  the  broad  ring-like  head  with  the  inconspicuous  mouth-parts,  the  two 
oval,  brownish  cribriform  plates  on  the  first  segment,  and  the  two  very 
darkly  colored  stigmal  plates  set  close  together  at  the  extreme  tip  of 
the  last  segment.  On  the  ventral  side  of  the  ultimate  segment,  at  the 
margin  of  the  groove  between  the  ultimate  and  penultimate  segments, 
the  anus  is  found.  It  is  a  longitudinal  slit  with  a  narrow  crescent-shaped 
chitinous  plate  on  each  side. 

Integument 

Head  and  Mouth-parts.  The  head  is  imperfectly  developed  and 
capable  of  considerable  retraction  into  the  first  body  segment.  It  is 
really  a  broad  chitinous  ring,  of  an  oval,  irregular  shape.  The  length 
of  this  ring  is  0.060  mm.,  while  the  width  is  nearly  0.040  mm.  Eye-spots 
seem  to  be  entirely  lacking. 

A  pair  of  prong-like  processes,  the  mouth-hooks,  extend  out  of  the 
body  almost  parallel  to  a  transverse  section  of  the  body  and  project  well 
into  the  body  of  the  larva.  When  dissected  out  these  hooks  are  found 
to  converge  posteriorly  and  form  a  joint  with  a  single  rod-like  process 
which  terminates  in  four  irregular  prongs.  The  total  length  of  the 
mouth-hooks,  including  connecting  processes,  is  nearly  1  mm. ;  the  length 
of  the  hooks  that  protrude  from  the  mouth  is  0.14  mm.  These  hooks  are 
the  most  chitinized  parts  of  the  body  and  are  attached  to  the  head  and 
body  walls  by  strong  muscles. 

Thoracic  Segments.  The  thoracic  segments  differ  chiefly  from  the 
other  segments  of  the  body  in  being  larger  and  more  blunt.  The  furrows 
on  them,  however,  are  not  quite  so  prominent  as  those  on  the  abdominal 
segments,  nor  are  there  as  many  secondary  annulations  as  on  some  of 
the  posterior  segments. 

The  entire  integument,  with  the  exception  of  the  chitinous  parts  and 
the  grooves  between  the  segments,  is  covered  with  small  cuticular  spines. 
One  of  these  appears  under  the  microscope  as  a  rounded  projection 
terminating  in  a  sharp  point  which  is  somewhat  more  heavily  chitinized 
than  the  rest  of  the  spine.  The  spines  are  most  numerous  on  the  third 
and  fourth  segments,  and  become  less  numerous  and  more  irregular  in 
distribution  toward  the  posterior  segment.  On  the  third  segment  there 
were  44  spines  on  .0025  sq.  mm.  of  surface;  on  the  fourth,  51  spines; 
and  on  the  fifth,  35  spines.  In  the  grooves  between  the  segments,  spines 
are  almost  entirely  lacking.  There  is  also  a  marked  tendency  for  the 
spines  to  be  more  numerous  toward  the  median  dorsal  line  of  the  body. 
The  spines  on  most  segments  occur  in  transverse  loop-like  rows,  with 
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the  exception  of  those  on  the  third  segment,  where  they  are  arranged 
in  series  of  long-curved  or,  in  many  instances,  straight  rows. 

Abdominal  Segments.  The  abdominal  segments  are  considerably 
smaller  than  those  of  the  thorax,  and  differ  from  the  latter  in  minor 
constrictions  and  annulations.  Furrows  are  more  prominent  toward  the 
posterior  end.  From  the  thorax  to  the  ultimate  segment  there  is  a 
gradual  tapering  off  in  size  of  the  larva.  The  diameter  of  the  first 
abdominal  segment  is  nearly  2  mm.,  of  the  last  segment,  1.25  mm.  A 
few  of  the  intersegmental  grooves  are  indistinct,  the  last  one  being 
especially  so  in  most  specimens.  Cuticular  spines  become  less  numerous 
caudaliy,  although  the  decrease  is,  as  a  rule,  quite  gradual.  On  the  last 
two  segments,  the  spines  are  comparatively  few  on  the  ventral  side.  In 
addition  to  the  spines,  the  ultimate  segment  bears  the  anus  and  the  two 
stigmal  plates. 

Respiratory  Organs.  Just  back  of  the  mouth,  at  the  intersegmental 
groove  between  the  first  and  second  segments  are  situated  two  brownish- 
colored  bodies,  the  cribriform  plates.  These  plates  are  on  opposite  sides 
of  the  body  about  1  mm.  apart.  When  viewed  from  the  dorsal  side  a 
plate  appears  oval-shaped,  with  many  small  perforations.  The  lower 
portion  of  the  plate  tapers  gradually  and  near  the  lower  end  makes  a 
sharp  curve  toward  the  median  line  of  the  body  terminating  in  a  ring 
which  serves  as  an  attachment.  This  end  is  attached  to  one  of  the  trunk 
tracheal  systems. 

At  the  extreme  tip  of  the  terminal  or  ultimate  segment  is  located 
the  posterior  respiratory  system  which  is  made  up  of  two  chitinous 
stigmal  plates  arranged  side  by  side  on  the  dorsal  portion  of  the  seg- 
ment. Their  general  shape  is  that  of  a  triangle  with  two  of  the  angles 
rounded  off  and  the  third  terminating  in  a  sharp  spine,  which  Needham 
(1908,  p.  271)  suggests  may  be  used  to  break  open  the  walls  of  air 
spaces  in  the  tissue  of  the  petiole  where  it  is  confined.  These  spines 
project  downward  at  an  angle  of  about  45  degrees  and  are  about  the 
only  parts  of  the  plates  visible,  as  the  remainder  extend  well  back  into 
the  last  segment.  The  plates  are  approximately  of  the  same  size  and 
shape,  each  being  nearly  0.067  mm.  wide  and  0.117  mm.  long.  A  chi- 
tinous, ring-shaped  mass  is  found  on  the  blunt  side  of  the  plate.  It 
serves  as  a  connection  with  the  body  and  with  the  trunk  tracheal  system. 

Each  stigmal  plate  has  three  slit-like  openings,  the  spiracles,  ar- 
ranged radially,  so  that  a  line  connecting  the  outer  ends  of  the  spiracles 
would  be  of  a  crescent-shape.  The  spiracles  are  of  the  same  size  and 
form.  They  are  oblong  and  oval,  being  about  three  times  as  long  as 
wide.  The  average  length  of  a  spiracle  is  0.044  mm.,  and  the  average 
width,  0.015  mm.  One  of  the  spiracles  extends  well  into  that  part  of 
the  plate  that  is  prolonged  into  a  spine.  When  viewed  under  a  micro- 
scope it  is  not  nearly  as  conspicuous  as  the  others  and  some  difficulty 
was  experienced  in  finding  it.  The  outer  ends  of  the  other  two  spiracles 
extend  slightly  out  into  rounded  projections  of  the  margin  of  the  plate. 

Conclusions 

This  investigation  on  the  external  morphology  of  the  larva  of 
Hydromyza  confluens  may  be  summarized  as  follows: 
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1.  The  general  external  features  of  the  larva  are  head  and  mouth 
parts,  integument,  cribriform  plates,  and  the  posterior  respiratory 
organs. 

2.  The  most  striking  feature  of  the  integument  is  the  cuticular 
spines  in  the  form  of  small  rounded  projections  which  occur  on  every 
segment  of  the  body. 

3.  The  head  is  undeveloped,  but  the  mouth  parts  consist  of  large 
hooks  which  extend  back  into  the  body. 

4.  On  the  first  segment  are  the  cribriform  plates  which  are  the 
external  openings  of  the  anterior  tracheal  system. 

5.  At  the  posterior  end  of  the  larva  two  stigmal  plates,  each  bear- 
ing three  spiracles,  make  up  the  posterior  termination  of  the  tracheal 
system. 
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HYPERTENSION:      BIOLOGICALLY   CONSIDERED 


Robert  Hessler,  Indianapolis 

Hypertension,  or  high  blood  pressure,  can  be  looked  upon  medically 
as  a  disease,  with  special  consideration  in  regard  to  cause  or  causes, 
prognosis,  and  treatment.  Biologically,  hypertension  can  be  considered 
as  a  reaction  to  an  abnormal  environment;  shall  one  add,  in  some  cases, 
in  many  cases,  in  most  cases? 

High  and  low  blood  pressures,  like  tension  in  general,  have  always 
belonged  to  the  mysterious  about  which  little  definite  was  known.  Then, 
three  decades  ago  the  invention  of  the  sphygmomanometer  (to  measure 
arterial  tension)  and  improvements  in  the  sphygmograph  (to  record 
heart  action)   began  to  shed  light. 

Hypertension  is  a  term  that  only  today  is  finding  its  way  into  the 
dictionary;  and  we  should  consider  that  it  is  not  many  years  that  we 
have  had  large  industrial  cities:   the  two  go  together. 

Medically  speaking,  "clinical  aspects"  come  in  for  main  considera- 
tion; in  other  words,  discussion  revolves  around  disease,  treatment,  death. 
This  paper  is  not  medical:  the  intention  is  to  show  the  development  of 
ideas  in  regard  to  the  influence  of  environment,  as  seen  in  some  of  my 
own  academy  papers  since  1900.  Biologically  speaking,  diccussion  con- 
cerns the  where  and  when  of  reactions;  place  and  time  are  very  im- 
portant factors.  When  such  reactions  reach  a  clinical  stage,  nature  is 
likely  to  take  its  course.  Here  I  am  writing  primarily  as  a  biologist, 
as  an  observer,  interpreter,  and  adviser.  I  might  even  claim  to  be  an 
educationist.  Vocationally  I  have  been  a  physician,  with  all  that  this 
implies. 

There  are  all  sorts  of  theories  trying  to  account  for  hypertension. 
What  is  truth?  To  what  extent  can  statements  be  verified — both  by 
laboratory  investigations  and  by  simple  observation — of  the  facts  of 
daily  life? 

Ordinarily  we  have  only  the  two  categories  of  health  and  disease, 
and,  oddly  enough,  there  are  physicians  who  are  not  interested  in  mere 
ill  health.  Yet  today  we  are  living  in  the  days  of  ill  health  rather 
than  of  actual  or  specific  diseases.  In  verification  or  for  evidence,  look 
about  among  your  friends  and  neighbors.  Moreover,  an  attack  of  dis- 
ease may  be  a  transient  event.  At  the  other  extreme  are  the  terminal 
infections  that  kill,  perhaps  when  a  man  has  reached  a  ripe  old  age, 
perhaps  after  "life-long  ill  health." 

I  am  aware  that  some  ultra-scientific  biologist  might  say  that  my 
academy  papers  are  not  biological  enough,  just  as  physicians  might  com- 
plain of  their  being  not  medical  enough.  But  I  have  in  mind  the  second 
paragraph  of  my  presidential  address  of  1906:  "In  addressing  you  I 
am  not  unmindful  of  the  fact  that  the  people  as  a  whole  are  behind 
you,  are  in  a  measure  represented  by  you  as  leaders  in  scientific  thought, 
and  that  a  discourse  should  be  shaped  accordingly.  All  that  I  should 
like  to  say  would  require  much  time;  what  I  can  say  in  this  brief  time 
allotted  must  be  suggestive  rather  than  a  full  and  exact  statement  of 
scientific  facts  and  deduction."   (Evol.  Med.) 
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My  academy  paper  for  1900  was  on  "Mosquitoes  and  Malaria." 
There  was  a  time  when  malaria  was  absent  from  Indiana;  it  is  an  intro- 
duced disease;  then  came  a  period  of  many  years  when  it  was  the  most 
common  disease  in  our  state.  The  assumed  cause  was  "miasma."  About 
five  decades  ago  the  real  cause  was  found  to  be  a  microbe  living  in 
the  red  blood  cells.  The  reason  why  and  how  it  was  transmitted  was 
learned  about  35  years  ago.  The  treatment,  medically,  was  the  free  use 
of  quinine,  a  specific,  destructive  to  the  active  cause.  Prevention,  and 
its  bearing  on  the  eternal  where,  when,  and  why,  was  based  on  the 
destruction  of  the  breeding  places  of  mosquitoes.  Malaria  is  today  a 
very  rare  disease  with  us.  However,  in  1900  "it's  malaria,"  was  still 
a  common  explanation  for  many  obscure  cases  of  illness,  and  the  term 
"false  malaria"  was  often  applied  to  cases  of  coniosis.  In  the  days  of 
real  malaria,  low  blood  pressure  was  the  rule,  an  accompaniment  of 
sallow  and  anemic  complexions.  Shall  one  add  that  formerly  Uncle 
Sam  was  pictured  as  lean  and  lank,  but  in  recent  times  the  cartoonists 
are  more  and  more  filling  him  out;  perhaps  in  time  he  will  more  nearly 
represent  a  John  Bull,  high  pressure  type. 

My  paper  for  1903  was  on  "Colds  and  Cold."  The  active  cause  of 
common  colds  is  as  unknown  today,  1934,  as  it  was  then.  It  is  assumed 
to  be  an  ultra-microscopic  microbe  or  filtrable  virus.  As  a  rule  a  simple 
cold  under  good  air  conditions  is  both  mild  and  brief,  but  accompanying 
or  secondary  infections  by  common  pus-formers  may  prolong  a  cold 
indefinitely.  The  reason  why  colds  are  common  is  mainly  because  we 
are  compelled  to  breathe  air  with  pathogens,  especially  during  the  winter 
time.  To  avoid  colds,  change  your  environment — go  to  Florida  or  Cali- 
fornia. If  you  cannot  leave,  try  to  have  your  cold  under  good  air  con- 
ditions as  just  indicated.     The  Holy  Grail  may  be  near  at  home. 

Why  have  I  mentioned  these  papers  on  Malaria  and  Colds?  For  two 
reasons:  The  analogy  in  regard  to  causes  and  reason  why  applies  to 
hypertension,  and  any  advice  that  may  be  given  on  how  to  avoid,  avert, 
or  prevent,  applies  to  high  blood  pressure,  always  keeping  in  mind  the 
rule  and  the  exceptional  case.  If  we  cannot  alter  our  environment  to 
make  it  favorable,  we  can  or  might  move  to  a  better  one.  Alas  that  so 
few  can  make  a  radical  change,  or  make  it  when  too  late. 

"City  Dust:  Cause  and  Effect,"  1904,  was  a  continuation  of  the 
series,  incidentally  showing  why  our  triad  of  American  diseases — catarrh 
(and  colds),  dyspepsia,  and  nervous  postration — are  or  were  so  widely 
prevalent.  To  this  triad  should  be  added  a  fourth  member,  rheumatic 
affections,  or,  to  use  a  pertinent  expression,  "Rheumatism,  neuralgia,  or 
whatever  it  is."  And  today  we  must  add  a  fifth,  hypertension,  making 
a  pentad. 

During  1904  and  1905  I  had  a  series  of  medical  papers.  One  was 
on  "Atypic  Cases."  I  tried  to  show  that  the  common  ailments  just 
mentioned  are  manifestations  of  a  "protean  disease,"  one  with  many 
disguises,  and  that  the  therapeutic  test,  the  crucial  test,  was  pure  air, 
that  one  could  prove  this  both  going  and  coming.  In  that  paper  there 
was,  however,  purposely  omitted  mention  of  hypertension,  not  simply 
because  the  term  was  then  not  in  use,  high  blood  pressure  cases  being 
referred  to  as  being  full-blooded,  but  because  there  was  no  instrument 
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to  express  pressure  in  figures,  nothing  analogous  to  a  thermometer  to 
express  temperature.  Moreover  I  was  advised  to  "get  more  data";  as 
matters  stood  I  was  already  "making  large  claims  for  a  new  theory." 

The  naturalist,  the  biologist,  and  especially  the  systematist  will  at 
once  see  that  here  was  the  old  question  of  "Lumping  versus  Splitting," 
and  the  use  of  a  new  name.  Here  I  cannot  go  into  details;  I  must 
refer  to  a  paper  of  1911,  on  Coniosis.  In  that  paper  I  made  use  of  the 
term  Smog,  now  in  common  use  in  industrial  cities  overhung  by  a  cloud 
of  smoke,  dust,  and  fog.  Coniosis,  it  may  be  added,  is  one  aspect  of  the 
process  of  the  domestication  and  urbanization  of  men.  One  may  say 
it  is  the  penalty  or  too  much  house  and  town  life,  as  indicated  in  some 
of  my  recent  papers. 

From  1900  to  1905  my  work  was  wholly  concerned  with  first  hand 
material,  because  "The  proper  study  of  mankind  is  man" — not  books. 
And  then,  at  the  end  of  1905,  I  did  take  up  the  study  of  books,  specifically 
the  books  by  biographers.  My  first  paper  before  this  academy  was 
(1905)  on  'The  111  Health  of  Darwin,  Huxley,  Spencer  and  George 
Eliot."  Little  did  I  dream  that  in  my  future  work  I  would  associate 
the  honored  name  of  Darwin  with  the  process  of  domestication  and 
urbanization  of  man.  Darwin  wrote  on  domesticated  animals  and  plants; 
he  also  wrote  much  about  man,  but  that  was  in  the  days  before  bacter- 
iology and  long  before  the  days  of  allergy  and  coniosis.  In  the  absence 
of  such  knowledge  Darwin  did  not  understand  his  own  reactions  or  his 
ill  health;  neither  did  his  physicians.  In  the  case  of  Huxley  there  was 
a  similar  association,  man's  place  in  the  city.  Huxley  wrote  on  "Man's 
Place  in  Nature."  He  too  did  not  understand  his  reactions,  but  he 
realized,  as  did  Darwin,  that  he  had  better  health  in  the  country,  away 
from  cities  and  crowds.  The  final  termination  is  always  interesting 
to  the  pathologist  and  physician. 

Huxley  in  the  very  beginning  of  his  autobiography  tells  of  life-long 
ill  health,  yet  he  reached  the  proverbial  three  score  and  ten.  The  curious 
may  well  wonder  "what  was  really  the  matter,"  as  Huxley  himself  did. 
The  story  is  a  long  one,  yet  one  can  quickly  plumb  the  bottom  of  a 
book — never  of  the  actual  life  of  a  human  being. 

So  important  in  my  own  life  has  the  subject  of  hypertension  become 
that  I  can  make  a  division  into  two  periods:  before  the  days  of  taking 
blood  pressure,  and  after.  And  one  finds  "there  are  others."  Some, 
alas,  learn  too  late  that  today  hypertension  has  become  a  problem  of 
first  magnitude.  To  treat  the  subject  properly  would  require  a  book. 
Here  I  can  make  only  a  few  brief  mentions  that  have  a  bearing  on  my 
theme,  biologic  aspects. 

In  1906,  when  I  gave  my  wholly  impersonal  presidential  address 
on  "The  Evolution  of  Medicine  in  Indiana,"  only  a  fewr  of  my  friends, 
especially  fellow-students,  knew  that  I  felt  very  uneasy  at  the  time.  I 
had  only  recently  discovered  that  I  was  a  high  blood  pressure  victim. 
I  had  suspected  this  to  be  the  case  in  1904,  when  I  prepared  my  paper 
on  "Atypic  Cases,"  and  then  the  new  apparatus  proved  it.  To  what 
extent  shall  one  make  mention  of  personal  experience,  as  I  had  been  doing 
in  discussions  with  patients? 
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The  things  that  impress  us  most  are  our  own  experiences.  I  had 
good  reasons  to  suspect  that  this  hypertension  process  was  an  active  one. 
I  began  to  think  of  the  outcome.     That  was  28  years  ago. 

Consider  that  on  my  father's  side  there  is  a  50-year  phylogenetic 
life  cycle,  and  when  father  reached  50  he  died.  I  am  the  son  of  my 
father  in  traits  and  characteristics.  One  might  make  all  sorts  of  ob- 
servations or  remarks  in  regard  to  heredity,  Mendelism,  immunity,  and 
so  on ;  likewise  in  regard  to  a  final  termination,  but  I  refrain  in  this  brief 
abstract.     In  regard  toactualexperience  I  shall  be  brief: 

I  had  a  high  pressure  and  it  was  going  up.  Would  I  reach  50? 
What  should  I  do?  Go  on,  live  in  hope,  and  die  in  despair?  The  litera- 
ture coming  to  the  fore  had  a  gloomy  aspect.  I  went  on  with  the  daily 
work,  in  the  heart  of  Logansport.  Early  one  morning,  in  March,  1907, 
just  before  dawn,  I  suddenly  awakened  with  sensations  of  "sinking  feel- 
ings," to  use  an  expression  of  patients.  I  realized  at  once  that  so- 
called  decompensation  had  set  in.  I  felt  my  radial  pulse.  Every  miss- 
ing beat  produced  that  miserable  feeling  of  passing  away.  I  was 
46.  Would  I  reach  50?  Soon  the  mind  began  to  get  very  active.  What 
of  the  influence  of  environment?  I  had  advised  many  a  patient  to  make 
a  change,  and  with  good  effect.  And  there  was  Huxley,  he  took  a  new 
lease  on  life  when  he  left  London,  to  reside  at  the  seashore  and  lead  a 
simple  life.  I  could  not  go  to  the  seashore,  nor  to  the  mountains,  nor 
to  California  or  Florida;  but  I  could  move  my  office  to  my  home  on 
the  edge  of  the  city,  a  four  acre  lot;  and  I  could  lead  the  simple  life. 
During  that  day  I  discussed  the  matter  with  two  of  my  old  patients;  one 
said,  "Doctor,  take  your  own  medicine."  I  did.  I  left  the  heart  of  the 
city  and  seldom  went  into  crowds.  I  gardened,  fished,  botanized,  etc. 
Patients  knew  where  to  find  me.  Soon  my  pressure  began  to  drop,  in 
a  few  months  from  150  mm.  (and  even  more  at  times)  to  100  and 
lower  (lowest  record  on  a  sphygmogram  was  97).  I  had  the  best  of 
health,  and  I  am  alive  today.  I  have  outlived  that  50-year  cycle  by  23 
years.     Normal  pressure  for  me  at  present  is  along  120/83. 

What  an  experience  I  had  had  within  less  than  a  year!  We  have 
no  control  over  our  heredity;  we  must  take  what  we  get  from  our 
ancestors.  But  we  can  control  our  environment,  and  this  is  what  I  now 
tried  to  show  patients.  I  carried  on  health  supervision;  it  meant  to 
examine  both  when  ill  and  well,  to  get  comparative  data.  Naturally 
enough  I  began  to  prepare  papers  on  the  question;  an  abstract  of  one 
appears  in  our  Academy  Proceedings  for  1907.  But  in  my  paper  of 
1908,  "Biography  and  the  Influence  of  Environment,"  we  are  in  the 
midst  of  things  in  regard  to  blood  pressures.  My  paper  when  read  was 
accompanied  by  several  long  rolls  and  charts,  as  some  of  the  older  mem- 
bers will  recall.  The  same  data  and  charts  I  had  used  earlier  in  the 
year  for  a  paper  before  the  State  Medical  Association,  where  I  expected 
some  worthwhile  discussion,  but  the  subject  was  too  new;  unprepared 
minds  do  not  and  cannot  speak  out.  But  after  the  meeting  many  do 
ask  questions.  Soon  books  began  to  appear,  prepared  by  men  in  large 
cities. 

In  my  paper  on  "Thought  Stimulation"  (1909)  I  made  mention  of 
five  high   pressure  patients  and  referred  to  my  own  pressure  in  con- 
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nection  with  a  case  where  the  pressure  ran  from  200  to  250.  I  quote 
the  closing  sentence:  "When  I  add  that  my  own  pressure  runs  from 
100  to  110,  the  significance  of  250  mm.  will  be  better  understood."  The 
most  common  mental  symptoms  in  high  pressure  are  fullness,  dullness, 
headache,  dizziness,  irritability.  And  today  advertisements  are  appear- 
ing, both  of  proprietaries  and  patent  medicines,  that  offer  relief.  New 
synthetics  are  constantly  appearing,  for  relief,  not  cure. 

While  putting  together  these  notes  I  thought  of  making  a  little 
exhibit  of  old  and  new  instruments  of  pulse  tracings  and  pressure  rec- 
ords, but,  time,  time!  And  then  I  considered  to  what  extent  to  act 
as  a  Boswell  to  some  of  my  patients  who  in  the  course  of  years  became 
dear  and  valued  friends.  Such  a  question  arose  in  the  case  of  a  mem- 
ber of  this  Academy  who  died  a  year  ago.  [Dr.  Coulter  told  of  him]. 
He  came  to  me  first  in  1900.  In  1906  I  found  that,  like  myself,  he 
was  a  high  pressure  victim,  at  times  running  over  200.  By  attention  to 
his  environment  he  outlived  a  prognosis  of  an  early  death  by  20  years. 
And  there  is  another  old  friend,  who  did  not  become  a  patient  until  late 
in  life,  for  the  simple  reason  that  he  was  a  member  of  a  faith  cure 
cult.  I  was  called  in  when  he  was  comatose  from  an  apoplexy;  his 
pressure  was  the  highest  I  ever  took,  295,  thrice  as  high  as  my  own. 
Venesection  saved  him.  He  too  began  to  lead  the  simple  life,  but  soon 
tired  and  gradually  went  back  to  his  office  more  and  more,  and 
gradually  the  pressure  went  up ;  another  stroke  and  the  end.  Such  cases 
teach  early  health  supervision.  One  could  go  on  and  on  reciting  cases, 
or  of  telling  of  the  fate  of  those  mentioned  in  my  papers  of  1908  and 
1909.  Need  I  add  that  the  longer  data,  that  is  observations,  are  con- 
tinued, the  greater  their  value  for  drawing  conclusions?  There  comes 
to  mind  another  old  patient  with  a  pathetic  plea:  "Now  please,  doctor, 
look  again  through  your  books,  see  if  you  can't  find  a  cure  or  some- 
thing that  will  be  a  decided  help."  Alas,  I  knew  what  was  in  the 
books,  as  a  botanist  knows  what  is  in  his.  His  days  of  relief  came 
when  he  was  retired.  And  there  is  the  remark  of  a  physician  who 
looked  through  the  large  book  of  Dr.  Fishberg  on  Hypertension  and 
Nephritis:  "The  book  shows  how  little  is  known  about  causes,  about  pre- 
vention and  cure.  It  is  very  discouraging  to  read  some  of  the  state- 
ments." I  looked  through  the  book  myself  a  few  days  ago,  a  revised 
edition.  I  found  nothing  bearing  on  the  influence  of  environment,  neither 
in  regard  to  causes,  to  the  where  and  when  of  symptoms,  nor  in  state- 
ments on  treatment.  But  there  are  a  few  items  that  are  pertinent; 
to  understand  fully  their  import  they  should,  of  course,  be  read 
with  their  context.  "Systolic  pressures  above  150  mm.  are  abnormal 
for  all  ages."  "Essential  hypertension  and  its  consequences  are  among 
the  most  common  conditions  confronting  the  practitioner."  Then  come 
a  lot  of  statistics.  "These  figures  afford  some  indication  of  the  impor- 
tance of  essential  hypertension  to  the  physician,  a  fact  which  has  been 
adequately  realized  only  within  recent  years."  Mention  of  the  increase 
and  "the  strain  and  stress  of  modern  life."  And  then  we  have  the 
illuminating  statement  that  hypertension  scarcely  occurs  in  negroes  liv- 
ing in  a  primitive  state  in  Africa,  but  that  in  negroes  in  New  York 
City   it   occurs   as   in   white  men.     And   consider   the   following:    "The 
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treatment  of  essential  hypertension  is  one  of  the  many  unsatisfactory 
chapters  in  therapeutics.  The  fundamental  causes  of  essential  hyper- 
tension are  largely  obscure,  and  we  can  neither  remove  nor  combat  them. 
In  many  instances  no  method  at  our  disposal  will  serve  to  lower  the 
blood  pressure  for  any  significant  length  of  time."  Keep  in  mind  that 
nothing  is  said  in  regard  to  the  influence  of  environment. 

It  was  interesting  to  go  through  the  indexes  of  books  and  special 
journals,  both  to  note  the  absence  of  "Environment,"  and  references  to 
causes  or  assumed  causes,  as  for  instance  to  "Overwork,"  a  term  that 
has  been  so  overworked  that  it  has  lost  its  connotation.  On  the  other 
hand,  an  overworking  of  the  defensive  system,  in  warding  off  infection, 
is  scarcely  mentioned  at  all;  and  in  this  connection  we  have  to  con- 
sider the  more  or  less  vague  warnings  of  the  primitive  nervous  system, 
symptoms  that  are  usually  not  only  not  understood  but  misunderstood. 
And  what  a  plain  tale  results  when  environmental  influences  are  consid- 
ered and  acted  upon.  Such  remarks  also  apply  to  "glands."  Why  should 
a  gland  begin  to  "act  abnormally?"  Does  nature  do  abnormal  things? 
"Nature  makes  transitions,  and  naturalists  make  divisions"  applies.  We 
should  always  consider  the  place  and  the  time  of  reactions. 

Did  time  permit  I  should  make  some  mention  of  my  paper  of  1909, 
time  of  Darwin's  centenary.  Can  life  history  be  made  into  a  science? 
In  a  little  talk  at  the  academy  banquet  I  made  a  few  remarks  on  how 
I  came  to  take  up  the  study  of  biography — Darwin's  life  was  an  early 
one — and  how  this  study  of  domestication  and  urbanization  became  a 
life  work.  In  my  paper  of  1911  on  "Coniosis"  I  again  took  up  the 
"Protean  Disease"  of  1904,  with  a  brief  mention  of  types.  About  that 
time  the  term  Allergy  came  into  use.  Today  it  includes  many  reactions 
and  conditions  formerly  regarded  as  atypic  diseases  or  as  idiosyncrasies, 
all  the  way  from  pollenoses  to  reactions  to  food  and  contacts.  Perhaps 
this  will  become  clear  when  I  mention  that  I  myself  react  to  street  dust 
(particularly  when  it  is  unsterilized,  as  in  the  winter  time  when  actinic 
rays  may  be  rare  under  the  city  smog)  ;  and  I  react  to  indoor  dust,  and 
to  "crowd  poison,"  and  to  feather  dust.  My  brother  reacts  to  ragweed 
pollen;  so  does  one  of  his  sons;  a  daughter  cannot  wear  silk;  it  brings 
on  a  skin  eruption.  To  know  the  cause  is  to  avoid  it,  or  at  least  indi- 
cates what  we  should  do.  Need  I  add  that  because  of  my  own  re- 
actions I  made  a  study  of  others,  and  then  there  develops  that  "fellow- 
feeling  which  makes  us  wondrous  kind" ;  and  I  always  wTant  more  data. 
In  regard  to  recent  papers,  the  student  may  find  that  they  still  revolve 
around  the  process  of  domestication  and  urbanization:  there  are  all 
sorts  of  aspects. 

There  is  an  old  saying  that  a  man  is  as  old  as  his  arteries.  Why 
do  arteries  harden?  Why  are  so  many  men  worn  out  at  40?  On  the 
other  hand,  judges  of  the  Supreme  Court  at  times  continue  to  work 
until  80;  and  our  ex-presidents  die  prematurely.  Consider  that  half  of 
the  physicians  in  our  country  die  of  "heart  disease,"  and  that  a  third 
of  a  city  population  may  go  the  same  way;  another  third  go  by  way  of 
lung  diseases,  and  the  remaining  third  die  of  all  other  causes  of  death 
together.  We  need  more  sanitary  engineering,  and  we  need  the  lessons 
from  life  histories  and  from  biography  taught  in  the  schools  and  colleges. 
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FIVE  DOUBLE  RECESSIVE  EYE  COLORS  IN  DROSOPHILA 


S.  A.  Rifenburgh  and  V.  A.  Sutfin,  Purdue  University 

Since  the  last  report  on  the  production  of  combination  eye-colors 
in  Drosophila  melanog aster  at  Purdue1,  several  others  have  been  pro- 
duced as  follows:  (1)  White,  Brown;  (2)  Garnet,  Brown;  (3)  Garnet, 
Sepia;    (4)    Vermilion,  Sepia;    (5)    Brown,  Sepia. 

It  should  be  noted  that  of  the  first  four  of  these,  each  involves  a 
pair  of  sex-linked  factors  and  a  pair  of  non  sex-linked  factors  whereas 
in  the  Brown  Sepia  combination,  both  pairs  of  factors  are  non  sex- 
linked. 

The  method  of  producing  the  first  four  combination  eye-colors  was 
the  same  as  that  used  by  Romberger  in  the  production  of  White  Sepia 
and  described  in  considerable  detail  in  his  paper1.  The  method  of  pro- 
ducing Brown  Sepia  was  very  similar,  involving  only  certain  changes 
made  necessary  by  the  fact  that  both  Brown  and  Sepia  are  non  sex- 
linked.  All  combinations  were  tested  by  mating  to  each  simple  color 
involved  in  the  combination.  They  proved  to  be  homozygous  for  both 
characters  by  the  fact  that  the  simple  color  appeared  in  the  Fi  genera- 
tion. For  example,  a  cross  between  Brown  Sepia  and  Brown  gave  brown, 
but  a  cross  between  Brown  Sepia  and  Sepia  gave  sepia. 

These  double  recessive  combination  eye-colors  have  the  following 
phenotypic  characteristics. 

"White,  Brown."  Individuals  homozygous  for  this  combination  are 
classified  as  phenotypically  white-eyed  flies.  When  compared  with  the 
common  white  mutant  however,  it  is  easily  detected  that  the  eye  con- 
tains pigment.  The  whole  of  the  eye  has  a  slight  light  buff  or  cream 
color,  and  the  central  region  seems  to  possess  more  color  than  the  out- 
lying facets.  This  character  could  be  mistaken  easily  for  white  if  there 
were  none   of  the  latter  near  for  a  direct  comparison. 

"Garnet,  Brown."  Garnet  is  masked  by  brown  which  is  indis- 
tinguishable from  the  color  of  the  brown-eyed  stock.  The  newly 
emerged  flies  appear  light  but  soon  darken  to  a  distinct  brown  color. 

"Garnet,  Sepia."  The  garnet  eye-color  again  is  masked,  but  this 
time  by  sepia.  The  darkening  in  the  color  of  the  eye  after  emergence 
is  very  similar  to  that  which  occurs  in  the  sepia  stock. 

"Vermilion,  Sepia."  These  flies  are  phenotypically  sepia  eye-colored 
after  aging,  but  the  newly  emerged  flies  exhibit  a  very  peculiar  lemon 
eye-color.  This  startling  bright  color  caused  attention  to  be  drawn  their 
way,  and  they  were  suspected  of  being  the  double  recessives  when  they 
first  appeared.  As  they  become  older,  there  is  a  deeping  of  the  pig- 
mentation of  the  eye  which  necessitates  approximately  48  hours  to  effect 
a  complete  transformation  to  sepia. 

"Brown,  Sepia."  In  this  case  sepia  is  masked  by  brown,  the  flies 
of  this  strain  being  practically  indistinguishable  from  those  of  the  brown 
stock. 

As  yet  is  does  not  seem  possible  to  generalize  concerning  the  inter- 
actions taking  place  between  eye-color  factors. 

1  Romberger,    Floyd    T.,    Jr.     The    Masking   of    Sepia    by    White,    Two    Recessive    Eye 
Colors   in  Drosophila.     Proc.   Ind.   Acad.    Sci.    42 :261-267.     1933. 
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THE  LENGTH  OF  THE  RETICULOCYTE  CYCLE 
IN  PIGEONS1 


Dona  Gayler  Graam,  Indiana  State  Teachers  College 

Introduction 

In  1930  Eaton  and  Damron  (1930  a  and  b)  published  two  articles 
in  which  they  purported  to  have  demonstrated  the  average  length  of 
life  of  the  rabbit's  red  corpuscles  by  counting  the  number  of  days  between 
the  peaks  of  reticulocyte  cycles,  the  first  cycle  of  which  had  been  initiated 
by  an  artificial  hemorrhage.  My  attention  was  called  to  the  articles, 
and  the  experiment  was  repeated  several  times  by  myself  and  the  retic- 
ulocyte cycles  found  to  occur  as  they  had  stated.  But  the  explanation 
that  the  distances  between  the  peaks  of  the  cycles  represented  the 
average  length  of  life  of  the  rabbit's  red  corpuscles  could  not  be  ac- 
cepted, although  there  is  a  close  relationship  between  the  two.  I  have 
pointed  out  in  another  paper  the  reasons  for  not  accepting  this  explana- 
tion. 

When  I  was  satisfied  that  the  reticulocyte  cycles  occurred  at  regular 
intervals  in  the  case  of  the  rabbit,  and  that  they  were  closely  associated 
with  the  length  of  life  of  the  red  corpuscle,  I  undertook  the  same  experi- 
ment in  the  pigeon.  This  animal  was  chosen  because  it  had  nucleated 
corpuscles  in  contrast  to  the  non-nucleated  corpuscles  of  the  rabbit,  and 
I  wanted  to  compare  the  length  of  time  between  the  cycles  in  the  two 
animals.  This  report  has  to  do  with  the  length  of  time  between  the 
reticulocyte  cycles  in  the  pigeon. 

Experimental  Procedure 

Since  environmental  factors,  namely,  food  (Vaughn,  Muller,  and 
Zetzel,  1930,  Muller,  1927  and  1929,  a  and  b)  and  lowered  temperature 
(Graam,  1934)  may  stimulate  the  haemopoietic  function  in  the  pigeon, 
I  was  very  careful  to  make  the  environment  as  uniform  as  possible. 

The  pigeons  were  confined  in  cages  large  enough  for  them  to  walk 
about  and  were  fed  on  a  mixed  grain  diet  (Vaughn,  Muller,  Zetzel, 
1930)  sometime  before  and  during  the  experiments.  The  pigeons  re- 
ported upon  in  this  paper  were  held  at  room  temperature,  except  as  the 
temperature  was  markedly  changed  as  a  part  of  the  experiment  and  the 
data  included  as  a  part  of  the  notes  of  the  experiment. 

I  discarded,  as  not  fit  for  experimentation,  pigeons  that  had  too 
high  a  reticulocyte  count,  more  than  10  or  12  per  cent,  and  those  that 
had  too  irregular  reticulocyte  counts,  which  could  not  be  accounted  for 
from  the  laboratory  procedure. 

The  blood  of  the  hemorrhage  and  the  few  drops  of  blood  needed 
daily  for  staining,  were  obtained  from  the  under  wing  veins  by  the 
puncture  method. 

1  Part   of    the   thesis    required    as   part   fulfillment    toward   the   Ph.D.    degree,    Indiana 
University,    1933. 
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In  order  to  facilitate  the  procedure  of  extracting  a  few  drops  of 
blood,  the  pigeon's  feet  were  tied  together.  While  the  pigeon  rested 
between  the  knees  of  the  technician,  its  head  was  covered  with  the 
left  hand  while  its  left  wing  was  held  up  with  the  same  hand.  By 
means  of  a  needle  the  vein  was  pierced.  The  blood  was  drawn  into 
an  ordinary  pipette  which  was  inserted  in  the  droplet  that  formed.  After 
drawing  two  or  three  drops,  the  thumb  of  the  left  hand  was  placed  over 
the  wound  to  prevent  further  bleeding,  wrhile  with  the  right  hand  the 
blood  wTas  immediately  dropped  into  an  equal  amount  of  the  staining 
solution,  mixing  the  two  by  thoroughly  shaking  them.  This  must  be 
done  quickly  to  prevent  clotting. 

Hemorrhage  was  the  chief  method  used  to  initiate  the  first  of  the 
reticulocyte  cycles  in  each  pigeon,  but  lowered  temperature  was  also 
used  to  initiate  reticulocyte  cycles  (Graam,  1934),  and  each  method  was 
found  to  be  successful  in  initiating  a  reticulocyte  cycle  which  was  sub- 
sequently followed  by  similar  but  consecutively  smaller  cycles  which 
occurred  at  regular  intervals. 

Staining  Technique  and  Counting 

A  modification  of  the  method  used  by  Osgood  and  Wilhelm    (1931) 
for   the    staining   of  human    corpuscles   was    used    and    is    explained   in 
detail  in  a  former  paper    (Graam,  1934).     The  counting  was  also  ex- 
plained in  some  detail  in  that  article. 
Rabbit  Ret.  Cycle      Pigeon  Ret.  Cycle 

No.  1  8  days        No.  1   7.5-8  days 

No.  2  7  days      *No.  2  8  days 

No.  3   8.5-9  days      *No.  3   11-11.5  days 

No.  4   7.5-8  days        No.  4   10  days 

No.  5   6.5-7  days        Average   9.1-9.4  days 

Average  7.5-7.8  days 

Table  1.  A  comparison  of  the  length  of  the  reticulocyte  cycle  of  the 
rabbit  and  the  pigeon.  The  time  between  the  reticulocyte  cycles  of  the 
pigeon  was,  on  an  average,  some  two  days  longer  than  that  between 
the  reticulocyte  cycles  of  the  rabbit.  *  Pigeons  No.  3  and  No.  2  are 
shown  in  Figure  No.  1  and  in  Figure  No.  2. 

Results 

The  reticulocyte  response  due  to  either  hemorrhage  or  lowered  tem- 
perature reaches  its  peak  in  from  two  and  one-half  to  four  days.  Figure 
1  shows  pigeon  No.  3  of  Table  1,  and  is  a  clear  case  of  a  reticulocyte 
response  to  hemorrhage,  reaching  a  peak  formation  between  the  twelfth 
and  thirteenth  days  of  the  experiment  and  from  two  and  one-half  to 
three  days  after  the  hemorrhage.  This  initial  reticulocyte  peak  is  fol- 
lowed on  the  twenty-fourth  and  thirty-fifth  days,  by  two  successive  re- 
ticulocyte  peaks,   at   eleven-day  intervals. 

Figure  2  shows  pigeon  No.  2  of  Table  1  and  shows  a  reticulocyte 
response  to  hemorrhage,  the  cycle  reaching  its  peak  on  the  tenth  day, 
three  days  after  hemorrhage  on  the  seventh  day.  A  succession  of  re- 
ticulocyte cycles  follow  it.  The  reticulocyte  peaks  of  the  eighteenth  and 
possibly  of  the  twenty-sixty  days  follow  the  one  due  to  hemorrhage  on 
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Fig.  1.  Hemorrhage  occurred  on  the  tenth  day  after  ten  days  of  control,  during 
which  the  reticulocytes  remained  uniform  at  7  per  cent.  Two  and  one-half  days  after 
hemorrhage,  between  the  twelfth  and  thirteenth  days,  the  peak  of  the  initial  reticulocyte 
cycle  occurred.  This  cycle  was  succeeded,  at  two  eleven-day  intervals,  by  reticulocyte 
peaks   on   the  twenty-fourth   and   thirty-fifth   days. 


QC 

^    5 
c 


/ 

\  A 

h 

F 

IGEON       No 

z 

0  /' 

.  / 

v  \ 

xl V 

\  A  A 

A  A 

/  x/ 

y  V  ^ 

'     W 

10 


Day 


15 
of 


eo 

Experiment 


25 


30 


Fig.  2.  Hemorrhage  occurred  on  the  seventh  day  after  seven  days  of  control,  dur- 
ing which  the  reticulocyte  percentage  was  approximately  5.  Three  days  after  hemor- 
rhage on  the  seventh  day,  the  peak  of  .the  initial  reticulocyte  cycle  occurred  on  the 
tenth  day.  This  cycle  was  succeeded  at  eight-day  intervals  by  reticulocyte  cycle  peaks 
on  the  eighteenth  and  possibly  the  twenty-sixth  days.  On  the  tenth  day  (incidentally 
the  day  of  reticulocyte  cycle  peak  due  to  hemorrhagic  stimulus),  the  environmental  tem- 
perature was  lowered.  Four  days  later,  on  the  fourteenth  day,  a  peak  of  a  reticulocyte 
cycle  occurred.  The  variations  of  reticulocytes  after  the  twenty-first  day  can  scarcely 
be  attributed  to  any  previous  reticulocyte  cycles  since  their  percentage  does  not  vary 
far  from  that   of  the   control   period. 
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the  tenth  day  and  occur  at  eight-day  intervals.  There  are  at  least  three 
reasons  why  I  believe  the  reticulocyte  peak  of  the  fourteenth  and  pos- 
sibly of  the  twenty-second  day  to  be  initiated  by  a  different  stimulus 
than  those  occurring  on  the  eighteenth  and  twenty-second  days,  which 
followed  the  hemorrhagic  stimulus. 

1.  The  temperature  of  the  environment  of  this  pigeon  was  con- 
siderably lower  on  the  tenth  day  of  the  experiment,  and  four  days  later 
on  the  fourteenth  day  a  reticulocyte  peak  was  reached  which  I  believe 
was  initiated  by  the  lowered  environmental  temperature   (Graam,  1934). 

2.  Reticulocyte  cycle  peaks  would  be  successfully  lower  if  due  to 
only  one  initial  stimulus,  but  in  this  case  every  other  one  is  successively 
lower. 

3.  In  the  several  pigeons  observed,  the  period  between  two  suc- 
cessive reticulocyte  peaks  due  to  one  stimulus  has  never  been  less  than 
seven  and  one-half  or  eight  days,  but  in  this  pigeon  it  was  four  days. 

Therefore,  the  reticulocyte  peaks  occurring  at  four-day  intervals  are 
of  two  different  orders,  one  series  having  been  initiated  by  hemorrhage 
and  the  other  series  by  lowered  temperature. 

Conclusions  and  Summary 

1.  The  pigeon's  haemopoietic  mechanism  reponds  to  a  hemorrhagic 
stimulus  as  well  as  to  a  lowered  temperature  stimulus. 

2.  The  initial  reticulocyte  cycles  are  followed  by  other  cycles  at 
regular  intervals  whether  the  initial  one  is  induced  by  hemorrhage  or  by 
lowered  temperature. 

3.  The  intervals  between  successive  reticulocyte  cycles  following  an 
initial  stimulus  are  approximately  two  days  longer  than  the  reticulocyte 
cycle  intervals  of  a  rabbit. 

4.  The  reticulocyte  cycle  interval  in  the  rabbit  averages  7.5  to  7.8 
days  and  averages  9.4  to  9.5  days  in  the  case  of  the  pigeon. 
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WHITE  HERONS  IN  INDIANA 


Amos  W.  Butler,  Indianapolis 

When  I  was  a  lad  at  Brookville,  Indiana,  I  was  much  attracted  by 
the  splotches  of  white  appearing  in  the  late  summer  among  the  green 
leaves  of  the  trees — elms,  cottonwoods,  and  sycamores — along  the  White 
Water  River.  In  the  late  summer  and  early  fall  the  white  American 
Egret  is  wandering  over  our  state,  sometimes  thirty  to  forty  in  a  flock, 
found  the  valley  of  that  beautiful  river  attractive.  Its  waters  furnished 
food  and  trees  along  its  quiet  banks,  ideal  resting  places.  Their  striking- 
whiteness  among  the  green  foliage  could  not  but  attract  any  artist  or 
nature  lover.1 

Later,  when  their  plumage  became  fashionable  for  ladies'  wear — as 
year  after  year  their  bodies  were  offered  as  a  sacrifice  to  the  god  of 
fashion — they  lessened  in  numbers  and  then  disappeared.  It  was  thought 
that  the  demand  for  plumes  and  feathers  would  cause  their  extermina- 
tion. 

There  are  three  species  of  herons  found  in  Indiana  that  are  white. 
The  American  Egret,  Casmerodias  albus  egretta  (Gm.),  which  stands 
more  than  three  feet  high,  the  Snowy  Egret,  Egretta  thula  thula 
(Molina),  about  two  feet  long,  and  the  young  of  the  Little  Blue  Heron, 
Florida  caerulea  caerulea  (L.),  about  the  size  of  the  last,  which  in  its 
immature  stage  is  white,  or  nearly  so.  All  three  of  these  forms  are 
reported  as  formerly  breeding  in  Indiana. 

In  1897  the  American  Egret  was  recorded:  ''Breeds  northward  to 
northern  Indiana.  Regular  migrant  and  summer  resident,  formerly  tol- 
erably common,  becoming  rare.  Breeds  in  some  numbers  locally  in  the 
northern  part  of  the  state  and  in  the  lower  Wabash  Valley,  in  situations 
similar  to  those  occupied  by  the  last  mentioned  species  (Great  Blue 
Heron,  Ardea  herodias)  and  sometimes  associated  in  the  same  colony 
with  them."  For  many  years  it  had  been  known  to  breed  in  Knox  and 
Gibson  counties  (Ridgway).  We  know  that  it  still  (1897)  bred  in  some, 
and  did  very  recently  in  all,  of  at  least  six  or  eight  of  the  counties  of 
northern  Indiana.  E.  J.  Chansler  reported  they  had  bred  at  Swan  and 
Grassy  Ponds,  Daviess  County.  That  summer  he  visited  those  ponds 
and  learned  that  those  egrets  had  been  very  scarce  that  year.  At  Swan 
Pond,  where  formerly  a  thousand  could  be  seen  in  one  flock,  none  were 
found. 

In  northern  Indiana  they  were  reported  as  nesting  in  the  following 
counties:  DeKalb  (Hine,  H.  W.  McBride-);  Golden  Lake,  Steuben,  Wolf 
Lake,  Noble  (H.  W.  McBride)  ;  Jasper  (Trouslot),  at  "Crane  Heaven,"  on 
the  Kankakee  River,  twenty  miles  above  Water  Valley  (C.  E.  Aiken)  ; 
Porter    (Woodruff,   Parker)  ;    Starke,   at   Kouts,    1885,    1895    (Woodruff, 

1  A   catalogue  of   the   Birds  of   Indiana  by  Alembert   W.   Brayton,    M.  D.     Trans.    Ind. 
Hort.    Soc,    1879,    p.    146. 

2  Butler.     Trans.    Ind.   Hort.    Soc,    1890,   p.    30. 
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Parker) .    At  some  of  these  places  they  associated  in  the  same  "heronry" 
with  the  Great  Blue  Heron3. 

The  Snoivy  Egret  in  1897  was  recorded  as  breeding  north  to  south- 
ern Indiana.  Robert  Ridgway  reported  it  breeding  in  Knox  and  Gibson 
counties.  Migrant  and  summer  resident  in  southern  part  of  the  state; 
not  common ;  breeding  locally  in  the  lower  Wabash  Valley.  Occurs 
in  summer  about  Swan  and  Grassy  Ponds,  Daviess  County;  think  it 
breeds  (E.  J.  Chansler).  Quite  common  summer  residents  in  Knox 
County  (J.  A.  Balmer,  1890).  Dr.  F.  Stein  reported  them  from  lower 
Wabash  Valley.  After  breeding  they  wander  northward  over  Indiana 
and  to  Michigan  and  Wisconsin.  It  has  been  reported  from  the  follow- 
ing Indiana  counties:  Lake,  Allen,  Franklin,  Jefferson,  Knox,  Gibson. 
Some  of  these  may  have  been  the  next  species. 

Little  Blue  Heron.  Dr.  F.  Stein  first  noted  it  in  the  Wabash  Valley 
perhaps  about  1874.  Robert  Ridgway  noted  in  in  Knox  and  Gibson 
counties  where  he  reported  it  breeding  and  said  it  was  abundant  along 
the  Wabash  River  every  summer.  E.  J.  Chansler  of  Knox  County  has 
more  recently  informed  me  of  its  breeding  there.  In  1896  he  noted 
it  as  early  as  April  18;  the  latest  fall  record  is  September  24,  1895. 

About  that  time  the  use  of  birds'  plumage  for  ornament  was  at 
its  height.  That,  with  draining  of  swamps  and  lakes,  the  straighten- 
ing of  the  Kankakee  River,  and  extensive  fires  in  that  region,  combined 
as  causes  for  the  lessening  in  numbers,  in  Indiana  particularly,  of  the 
White  Herons.  There  was  a  notable  reduction  in  their  numbers  in  1895 
and  1896.  Thereafter  they  dwindled  until  the  time  came  when  few  or 
none  were  seen. 

With  the  enactment  of  protective  legislation,  in  which  this  Academy 
took  an  active  part,  the  creation  by  the  federal  government  of  bird  reser- 
vations in  their  winter  quarters,  the  emphasis  placed  on  conservation,  and 
the  passage  of  the  migratory  bird  law,  their  numbers  began  to  increase. 
In  the  last  few  years  their  re-appearance  in  late  summer  and  early  fall 
has  been  generally  observed  in  Indiana  and  neighboring  states.  In 
the  last  ten  years  they  have  increased  notably.  That  is  especially  true 
of  American  Egrets.  They  usually  arrive  in  July,  generally  the  last 
of  that  month,  and  remain  through  most,  or  all,  of  August;  occasionally 
some  are  noted  in  September.  From  single  individuals  they  have  more 
recently  increased  to  small  flocks,  ranging  from  ten  to  forty.  We  have 
no  positive  evidence  that  any  of  the  three  species  now  breed  in  Indi- 
ana but  it  is  not  improbable  that  with  proper  protection  the  American 
Egret  at  least  will  be  found  gradually  returning,  where  conditions  are 
favorable,  to  their  old  breeding  grounds. 

The  Little  Blue  Herons  have  returned,  too,  probably  in  greater 
numbers  than  before  and  most  of  them  in  the  white  or  immature  plum- 
age.    Most  of  the  small  white  herons  seen  are  of  that  species. 

Occasionally  the  Snowy  Egret  is  reported  (sight  records)  usually 
singly  or  in  very  small  groups.  Most  of  these  may  be  Little  Blue 
Herons.  They  may  easily  be  confused  especially  by  one  who  is  not  well 
acquainted  with  both  forms.     However,  Mr.  S.  E.  Perkins  III  was  able 

3  Butler,    Birds   of   Indiana,    1897,    p.    659. 
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to  secure  a  specimen  of  each  at  Bass  Lake,  Starke  County,  August  17, 
1934  (now  in  my  collection).  So  the  verification  of  their  return  is  at 
hand.  He  saw  other  specimens  of  both  forms  August  18,  and  of  the 
Snowy  Egret,  August  3. 

In  1930.  Sidney  R.  Esten  recorded  the  American  Egret  as  oc- 
curring that  summer  in  twenty-two  Indiana  counties  and  the  Little  Blue 
Herons,  white  phase,  in  thirty-six  counties.  They  were  noted  from  July 
10  to  September  104.  In  addition,  Prof.  L.  E.  Hicks,  Ohio  State  Uni- 
versity, found  both  species  in  Dearborn  County,  Indiana,  in  August  of 
that  year. 

In  the  summer  of  1933.  American  Egrets  were  reported  from 
twenty-six  Indiana  counties:  Bartholomew,  Boone,  Porter,  Daviess, 
Franklin,  Kosciusko,  Brown,  Montgomery,  Knox,  Starke,  Lake,  Elkhart, 
Switzerland,  Marion,  Greene,  Jefferson,  Pulaski,  Wayne,  Marshall, 
Huntington,  Fulton,  Madison,  Clinton,  Posey,  Wabash,  Jackson.  The 
earliest  record  was  June  26,  Pendleton,  Indiana  (Mrs.  W.  M.  Swain)  ; 
the  latest  date  reported  was  September  25  at  Plymouth  (Mrs.  H.  T. 
Bolinger)  and  same  date  by  Mrs.  Swain  at  Pendleton.  Smaller  White 
Herons  were  reported  from  three  Indiana  counties:  Jefferson,  Switzer- 
land, and  Franklin.  Because  no  specimens  were  taken  for  verification 
these  were  listed  as  the  immature  white  phase  of  the  Little  Blue  Heron. 

In  1934.  Only  part  of  the  reports  are  in  for  1934,  but  they  are 
from  twenty-one  counties.  Eighteen  of  these  report  American  Egrets, 
some  say  by  "hundreds."  Nineteen  of  them  record  the  white  phase  of 
the  Little  Blue  Heron.  Specimens  of  all  three  white  herons  were  identi- 
fied by  S.  E.  Perkins  III  at  Bass  Lake,  Starke  County,  and  verified  as 
noted  before.  Prof.  L.  E.  Hicks  reports  a  snowy  Heron  taken  by  Mr. 
Trautman  at  Buckeye  Lake,  Ohio,  August  27,  1930.  Colin  C.  Sanborn, 
Field  Museum  of  Natural  History,  says  three  were  reported  from  the 
neighborhood  of  Belvidere,  Illinois,  August  31,  1934. 

Breeding.  The  American  Egret  formerly  bred  from  southern  Wis- 
consin, northern  Illinois,  and  northern  Indiana  southward.  They  nested 
in  considerable  numbers  in  the  Kankakee  region.  In  recent  years  its 
breeding  range  has  been  considerably  restricted,  in  this  longitude  from 
Gulf  of  Mexico  north  to  Kentucky.  It  is  a  common  summer  resident 
at  Reelfoot  Lake,  Tennessee. 

Little  Blue  Heron  formerly  bred  as  far  north  at  Illinois,  Indiana 
(lower  Wabash  Valley),  and  New  Jersey.  Now  none  reported  breeding 
north  of  Tennessee  (Reelfoot  Lake),  where  the  nests  of  a  small  colony 
with  young  were  found  by  A.  F.  Gamier. 

Snowy  Egret  formerly  bred  from  southern  Indiana  (Knox  and  Gib- 
son counties5)  and  Illinois  south.  Now  its  northern  breeding  limit  is 
given  as  North  Carolina  and  Texas0. 

It  is  probable  that  with  the  protection  now  given  them  and  the 
growing  interest  in  conservation  some  interesting  developments  regard- 
ing these  beautiful  birds  are  not  far  off. 

4  Indiana   Audubon    Year   Book,    1931,    p.    50. 

8  Butler,   Notes  on   Indiana  Heronries.     Proc.   Ind.   Acad.    Sci,    1897,  p.    198. 

*  Check   List  of  North   American   Birds.     A.   U.   O.,    1931. 
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RECORDS  OF  INDIANA  DRAGONFLIES,  VIII1,  1934 


B.  Elwood  Montgomery,  Purdue  University 

Although  only  a  limited  amount  of  dragonfly  collecting  was  done  in 
Indiana  during  1934,  a  considerable  number  of  specimens  were  secured. 
These,  together  with  some  material  collected  in  former  years  but  not 
previously  identified  or  recorded,  made  a  total  of  2,105  specimens  repre- 
senting 62  species,  studied  during  the  year.  Only  the  more  interesting 
captures  and  those  representing  new  county  records  are  listed  in  this 
paper.  The  addition  of  one  species  new  to  the  state  (*  starred  in  the 
list  of  species)  brings  the  number  of  species  of  Odonata  known  from 
Indiana  to  136. 

In  addition  to  collections  made  by  the  author  (3411-3439),  who  was 
assisted  at  times  by  Esther  Barrett  Montgomery  and  R.  Boner  Barrett, 
the  material  studied  during  1934  included  several  small  lots  of  speci- 
mens from  various  sources:  a  few  collections  (1-2,  and  others  not  further 
referred  to  in  this  paper)  accumulated  over  a  period  of  years  by  the 
late  E.  B.  Williamson  but  not  previously  identified ;  specimens  collected 
in  Wayne  and  Randolph  counties  by  A.  W.  Trippel  (3-4),  in  Jefferson 
County  by  D.  H.  Brinson  (5),  in  Harrison  County  by  D.  W.  LaHue  (6), 
in  Porter  County  by  H.  E.  Brown  (7-8),  and  in  Morgan  County  by 
L.  I.  Musgrave;  specimens,  chiefly  from  Clark  and  Tippecanoe  counties, 
included  in  collections  made  by  students  of  Purdue  University  as  a 
part  of  their  class  work  (P.  U.)  ;  and  a  small  collection  chiefly  from 
Parke  and  Wayne  counties,  belonging  to  Earlham  College  (E.  C),  made 
by  Hurst  Shoemaker  and  his  students.  All  specimens  were  identified 
by  the  author. 

In  order  that  the  data  may  be  presented  in  as  compact  a  form  as 
possible,  collector's  numbers,  referred  to  in  the  enumeration  of  col- 
lections above,  have  been  assigned  to  all  the  larger  collections.  A  list 
of  these  numbers  with  full  explanations  is  given  immediately  below, 
and  these  numbers  are  used  instead  of  the  complete  data  in  the  list  of 
species.  Records  of  specimens  not  included  in  these  collections  are 
given  in  more  complete  form,  and  collectors  are  indicated  by  initials,  if 
the  collector  is  named  above,  or  by  name,  in  parentheses  following  the 
record.  The  records  from  the  Purdue  Student  Collection  and  the  Earl- 
ham College  Collection  are  indicated  by  the  initials  P.  U.  and  E.  C, 
respectively. 

All  dates  without  indication  of  the  year  refer  to  1934. 

1.  Lake  Maxinkuckee,  undated.  The  collection  was  made  many 
years  ago  by  Howard  North  and  M.  K.  Williamson,  but  had  not  been 
determined  and  recorded  previously. 

2.  Veedersburg,  June  4-5,   1905.     C.   C.   Deam,  collector. 

1  The   last   previous   paper   in    this    series   was   published    last   year    (Proc.    Ind.    Acad. 
Sci.,   43:211-217). 
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3.  A  small  stream  crossed  by  state  road  27,  a  few  miles  north  of 
Richmond,  July  4. 

4.  Funk's  Lake,  near  Winchester,  July  4. 

5.  Small  creek  about  four  miles  north  of  North  Madison,  dates  as 
given. 

6.  Blue  River  and  small  ponds,  seven  to  eight  miles  northwest  of 
Corydon,  dates  as  given. 

7.  Dunes  State  Park  at  Tremont,  dates  as  given. 

8.  Tamarack  swamp  at  Mineral  Springs,  August  9. 
3411.     City  Lake,  Huntingburg,  June  13. 

3413.  Bog  and  creek   at   Monument   City,  June   19. 

3414.  White  River,  about  three  miles  northwest  of  Winchester, 
June  22. 

3415.  Bog  and  creek  at  Monument  City,  June  25. 

3416.  Pool  along  state  road  28,  about  four  miles  west  of  Tipton, 
June  26. 

3417.  Creek  about  four  miles  northeast  of  Lebanon,  July  5. 

3418.  Small  stream  crossed  by  state  road  14,  nine  miles  west  of 
Rochester,  July  6. 

3420.  Pools  along  state  road  45,  three  miles  north  of  Huntingburg, 
July  31. 

3421.  City  Lakes,  Huntingburg,  July  31. 

3425.     Old  water  supply  lake,  Oakland  City,  August  7. 

3427.  Small  pool  along  state  road  64,  one-half  mile  west  of  Oak- 
land City,  August  8. 

3428.  City  Lakes,   Huntingburg,   August  29. 

3429.  Pools  along  state  road  45  and  Patoka  River,  three  miles  north 
of  Huntingburg,  August  30. 

3430.  City  Lakes,  Huntingburg,  August  30. 

3432.  Pool  along  state  road  62  in  northwest  corner  of  Perry 
County,  August  30. 

3433.  Stream  bed  with  occasional  pools  of  water,  one  mile  south 
of  Birdseye,  August  30. 

3434.  Deep  pool  with  heavy  growth  of  willows,  cattails,  and  other 
plants  around  the  margins,  along  state  road  64,  two  miles  west  of 
Birdseye,  August  30. 

3435.  Creek  crossed  by  state  road  64,  two  miles  east  of  Hunting- 
burg, August  30. 

3436.  3437.  Pools  along  state  road  64,  two  to  three  miles  east  of 
Oakland  City,  September  1. 

3439.     Wabash  River  a  few  miles  north  of  Crowleyville,  September  1. 

List  of  Species 

3.2  Agrion  maculatwm  Beauvois.  Fulton3  (3418);  Porter,  (7),  June 
9,  21;  Randolph  (3414). 

4.  Hetaerina  americana  Fabricius.  Morgan,  creek,  Green  Twp., 
Apr.  25,  1932,  Sept.  17,  1931  (L.  I.  M.);  Wayne  (3),  Middleboro,  Sept. 
16,  1933,  and  Clear  Creek,  Oct.  4,  1934  (E.  C). 


2  The    numbers   of   Williamson's    list   of    1917    (Univ.    of    Mich.,    Mus.    of    Zool.    Misc. 
Publ.   2)    are  used   in  the   papers  of  this   series. 

3  Names   in   bold   face   type  refer  to   counties. 


Records  of  Indiana  Dragonflies,  VIII,  1934  233 

11.     Lestes  rectangidaris  Say.     Dubois  (3428);  Porter  (7),  June  21. 
13.     Lestes  unguiculatus  Hagen.     Wayne,  Tachet  Pond,  near  Center- 
ville,  Sept.  24,  1933  (E.  C). 

15.  Argia  apicalis  Say.     Wayne    (3). 

16.  Argia  moesta  Hagen.     Marshall   (1),  Wayne   (3). 

17.  Argia  sedula  Hagen.     Wayne  (3). 

18.  Argia  tibialis  Rambur.  Boone  (3417);  Randolph  (3414); 
Wayne  (3). 

20.  Argia  violacea  Hagen.  Boone  (3417);  Dubois  (3420,  3429, 
3435);  Fulton  (3418);  Jefferson  (5),  June  18,  1933;  Randolph  (3414); 
Tipton  (3416);  Wayne  (3). 

21.  Enallagma  antennatum  Say.  Boone  (3417);  Dubois  (3420, 
3421);  Randolph  (3414);  Tipton  (3416). 

22a.  Enallagma  basidens  Calvert.  This  species  was  found  in  Du- 
bois, Gibson  and  Warrick  counties  in  even  greater  numbers  than  were 
observed  last  year. 

24.  Enallagma   carunculatum   Morse.      Marshall    (1). 

25.  Enallagma  civile  Hagen.  Harrison  (6),  several  dates;  Jefferson 
(5),  June  18,  1933;  Randolph  (4,  3414);  Tipton  (3416);  Wayne,  Crescent 
Lake  near  Richmond,  Oct.  13  (E.  C). 

29.  Enallagma  exsulans  Hagen.  Boone  (3417);  Dubois  (3420,  3421, 
3430,  3435);  Fulton  (3418)   Marshall   (1)   Randolph   (3414);  Wayne   (3). 

30.  Enallagma  geminatum  Kellicott.  Marshall  (1);  Randolph 
(3414). 

31.  Enallagma  hageni  Walsh.     Marshall   (1). 

33.  Enallagma  vesperum  Calvert.  R.  Boner  Barrett  and  the 
author  made  a  trip  to  the  old  water  supply  lake  at  Oakland  City  in 
the  late  afternoon  of  August  7,  to  secure  specimens  of  this  species.  Just 
after  sunset  a  male  was  taken  when  a  net  was  swept  through  the 
branches  of  a  tree  about  50  feet  from  the  lake.  Further  examination 
revealed  a  considerable  number  of  both  males  and  females  of  this  species 
resting  in  the  foliage  of  the  tree  from  the  lowest  branches  about  three 
feet  from  the  ground  to  a  height  of  nine  or  ten  feet.  With  decreas- 
ing light  after  sunset,  individuals  could  be  found  in  the  grass  beneath 
and  around  the  tree,  then  down  the  slope  toward  the  lake.  Finally  a 
few  were  taken  at  the  lake  margin,  but  collecting  was  then  stopped 
because  of  darkness.  A  total  of  29  males  and  10  females  of  vesperum 
and  three  males  and  seven  females  of  E.  signatum  were  taken.  A  trip 
to  the  city  lakes  at  Huntingburg  at  dusk,  August  29,  for  the  same 
purpose  was  unsuccessful.  Three  specimens  of  E.  signatum,  but  none 
of  E.  vesperum,  were  secured  by  sweeping  the  foliage  of  a  tree  near  one 
of  the  lakes. 

34.  Enallagma  signatum  Hagen.  Harrison  (6),  Sept.  5;  Randolph 
(4,  3414). 

38.     Amphiagrion  saucium  Burmeister.      Fountain    (2). 

41.  Ischnura  posita.  Hagen.  Harrison  (6),  Sept.  5,  6;  Marshall  (1); 
Randolph   (3414);  Wayne  (3). 

43.  Ischnura  verticalis  Say.  Harrison  (6),  many  dates;  Jefferson 
(5),  June  18,  1933;  Porter  (7),  June  21;  Randolph  (4,  3414);  Tipton 
(3416). 
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44.  Anomalagrion  hastatum  Say.  Dubois  (3411,  3429);  Tipton 
(3416). 

45.  Tachopteryx  thoreiji  Hagen.  Huntington  (3413)  2  $,  (3415) 
1   S. 

48.  Cordulegaster  obliquus  Say.  Clark,  state  forest  near  Henry- 
ville,  June  18,  1933,  1    $    (J.  W.  Hamilton). 

49.  Pro  gomphus  obscurus  Rambur.  Parke,  Turkey  Run,  July  26 
(E.  C.)  1  $  ;  Posey,  Black  River  Creek,  July  16,  1933,  1  $  (Robert  W. 
Montgomery). 

52.  Erpetogomphus  designatus  Hagen.  Gibson  (3439)  1  $  ;  Posey, 
Black  River  Creek,  July  16,  1933,  1$    (Robert  W.  Montgomery). 

56.  Gomphus  fraternus  Say.  Marshall,  Donaldson  Lake,  June  25, 
1931,  1   $   (A.  W.  T.). 

58.  Gomphus  graslinellus  Walsh.  Morgan,  Martinsville,  May  30, 
1931,  1   $    (L.  I.  M.);  Wayne,  June  25,  1   $    (E.  C). 

59a.  Gomphus  notatus  Rambur.  Parke,  Turkey  Run,  July  26,  1  $ 
(E.  C). 

64.  Gomphus  vastus  Walsh.  Tippecanoe,  West  Lafayette,  May  3, 
1933,  1   $    (P.  U.). 

66.  Gomphus  villosipes  Selys.  Parke,  pond  near  Rockville,  July  6, 
1931,  1  $  ;  Randolph  (4);  St.  Joseph,  Boy  Scout  Camp,  South  Bend,  June 
15,  1932    (G.  Walker  Daubenspeck) . 

70.     Boyeria  vinosa  Say.     Dubois   (3433);   Wayne,  July  18   (E.  C). 

72.  Anax  Junius  Drury.  Boone  (3417);  Dubois  (3411);  Harrison 
(6),  July,  1932;  Morgan,  ponds,  Green  Twp.,  April  29,  1932,  and  Martins- 
ville, May  20,  1932  (L.  I.  M.);  Owen,  along  State  Rd.  43,  south  of  Spen- 
cer, Aug.  29. 

81.  Epiaeschna  heros  Fabricius.  Dubois  (3420)  1  $  ;  Tippecanoe, 
West  Lafayette,  Oct.  1,  1933,  1   $    (P.  U.)  ;  Wayne,  July  23,  1   $    (E.  C). 

85.     Macromia  taeniolata  Rambur.     Dubois   (3420),  4    $. 

87.  Epicordidia  princeps  Hagen.  Marshall  (1);  Steuben,  Lake 
James,  Aug.  10,  1915;  Wayne,  June  27  (E.  C). 

96.  Libellula  cyanea  Fabricius.  Jefferson  (5),  June  18,  1933;  Mar- 
shall (1);  Warrick,  lake  at  Boonville,  Aug.  8. 

99.  Libellula  luctuosa  Burmeister.  Boone  (3417);  Harrison  (6), 
July,  1932;  Jefferson  (5),  July  1,  1933;  Marshall  (1),  Randolph   (4). 

100.  Libellula  pulchella  Drury.  Boone  (3417);  Dubois  (3411,  3433); 
Harrison  (6),  July,  1932;  Jefferson  (5),  several  dates;  Perry  (3432); 
Porter  (7),  June  21  (8);  Randolph  (4);  Tipton  (3416);  Wayne,  Clear 
Creek,  Oct.  4  (E.  C). 

104.  Plathemis  lydia  Drury.  Fountain  (2);  Harrison  (6),  Aug.  28; 
Jefferson  (5),  June  18,  1933;  Tipton  (3416);  Wayne,  June  24,  27  (E.  C). 

105.  Perithemis  tenera  Say.  Marshall  (1);  Randolph  (4);  Wayne, 
July  19  (E.  C). 

*106b.  Erythrodiplax  umbrata  Linne.  Gibson  (3437)  1  $  ;  Pike 
(3436)  1  9.  This  is  one  of  the  most  interesting  and  unexpected  records 
of  Indiana  Odonata.  Previously  this  species  has  not  been  recorded  north 
of  Georgia  and  Oklahoma.  Both  specimens  were  very  teneral  and  had 
probably  spent  their  immature  stages  in  one  of  the  pools  in  the  vicinity 
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where  they  were  captured.     These  pools  were  formed  by  water  collecting 
in  excavations  made  for  road  building  within  the  last  three  years. 

107.  Erythemis  simplicicollis  Say.  Jefferson  (5),  July  1,  1933;  Ran- 
dolph (4). 

108.  Sympetrum  ambiguum  Rambur.  Parke,  Turkey  Run,  July  26, 
1  9  (E.  C);  Porter  (8),  1  $,  "resting  on  dead  snag  in  woods";  Wayne, 
Tachet  Pond,  Sept.  24,  1933,  1  $    (E.  C.) 

109.  Sympetrum  corruptum  Hagen.  Noble,  Cromwell,  July  15,  1932, 
1   $    (H.  E.  B.). 

111.  Sympetrum  obtrusum  H&gen.  Wayne,  Tachet  Pond,  Sept.  24, 
1933,  1   $    (E.  C). 

115.  Pachydiplax  longipennis  Burmeister.  Boone  (3417);  Dubois 
(3421,  3434);  Fountain  (2);  Jefferson  (5),  June  18  and  July  1,  1933; 
Marshall  (1);  Morgan,  pond  at  Martinsville,  May  20,  1932  (L.  I.  M); 
Randolph  (4,  3414). 

118.  Celithemis  elisa  Hagen.  Dubois  (3411);  Marshall  (1);  Ran- 
dolph (4). 

119.  Celithemis  eponina  Drury.     Marshall  (1);  Randolph  (4). 

121.  Pantala  flavescens  Fabricius.  Gibson,  pond,  3  miles  northwest 
of  Poseyville,  July  16,  1933,  1   $    (Robert  W.  Montgomery),  (3427)  1    $. 

124.  Tramea  lacerata  Hagen.  Boone  (3417);  Harrison  (6),  June, 
1932;  Randolph  (4). 

125.  Tramea  onusta  Hagen.  Tippecanoe,  West  Lafayette,  May 
12-30,  5   $    (P.  U.). 
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AN  ANNOTATED  LIST  OF  THE  MEMBRACIDAE 
OF  INDIANA  (HOMOPTERA) 


Howard  0.  Deay  and  George  E.  Gould,  Purdue  University1 

The  members  of  the  family  Membracidae  are  commonly  called  tree- 
hoppers.  One  of  their  number,  the  buffalo  treehopper  (Ceresa  bubalus), 
is  widely  known  as  a  pest  of  apples.  However,  this  species  has  doubtless 
been  confused  in  the  past  with  Ceresa  borealis  and  C.  taurina.  C.  basalis 
and  Stictocephala  inermis  also  injure  apple  trees  by  ovipositing  in  the 
one  and  two  year  old  twigs.  E?ichenopa  binotata  has  been  observed  to 
injure  butternut  in  the  same  manner.  C.  bubalus  is  suspected  of  being  a 
mechanical  carrier  of  the  causative  organism  of  the  Dutch  elm  disease. 

No  formal  list  of  the  species  of  Membracidae  occurring  in  Indiana 
exists.  In  fact  there  are  but  few  references  in  the  literature  to  their 
occurrence  in  the  state  and  none  that  deal  with  local  distribution. 
Baldwin  (l)2  in  1914  recorded  the  buffalo  treehopper  in  Indiana.  Van 
Duzee  (4)  records  two  additional  species  from  the  state  in  his  well 
known  catalogue  of  the  Hemiptera.  Funkhouser  (3),  in  his  catalogue  of 
the  Membracidae  of  the  world,  records  23  species  from  the  state  in 
addition  to  the  three  mentioned  above.  Ball  (2),  in  1932,  records  four 
species  from  Indiana,  two  of  which  had  been  previously  reported  by 
Funkhouser,  Thus  a  total  of  28  species  of  Membracidae  have  been  re- 
ported in  the  literature  as  occurring  in  Indiana.  The  writers  in  the 
present  paper  add  29  species  to  the  list  making  a  total  of  57  species, 
representing  four  subfamilies  and  21  genera  which  are  known  to  occur 
in  the  state. 

The  material  upon  which  this  paper  is  based  has  for  the  most  part 
been  collected  by  the  writers  during  the  past  four  years  as  a  part  of 
their  study  of  the  Hemipterous  and  Homopterous  fauna  of  the  state. 
In  addition  to  this  material  the  writers  have  had  access  to  specimens 
collected  by  other  members  of  the  entomology  staff  and  students  at 
Purdue.  These  collectors  are  indicated  under  "collection  records"  by 
their  initials  which  are  as  follows:  JMA — J.  M.  Amos,  DWB — D.  W. 
Brinson,  HEB— Harry  E.  Brown,  JJD— J.  J.  Davis,  RRH— R.  R.  Heaton, 
DWL— D.  W.  LaHue,  GEL— G.  E.  Lehker,  BEM— B.  E.  Montgomery, 
LIM— L.  I.  Musgrave,  COP— C.  0.  Partlow,  FHT— F.  H.  Test,  AWT— 
A.  W.  Trippel.  The  writers'  collection  records  are  indicated  by  HOD 
and  GEG.  All  specimens  in  the  Purdue  Entomological  Collection  which 
do  not  bear  a  collector's  label  are  indicated  by  PC. 

The  writers  wish  to  express  their  appreciation  to  Dr.  W.  D.  Funk- 
houser, the  recognized  world  authority  on  the  classification  of  the  Mem- 
bracidae, for  examining  most  of  the  material  upon  which  this  paper 
is  based. 


1  Contribution   of   the  Department    of   Entomology. 

2  Numbers   in   parentheses   refer   to   Literature   Cited. 
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The  subfamilies  and  genera  are  arranged  according  to  the  Funk- 
houser  catalogue.  The  species  are  arranged  alphabetically  under  each 
genus. 

Nearly  all  of  the  specimens  studied  are  deposited  in  the  Purdue 
Entomological  Collection.  Species  marked  with  an  asterisk  have  not 
been  reported  from  the  state  before. 

Subfamily  Membracinae 

1.  Campy lenchia  latipes   (Say,  1824). 

Collection  records:  Adams  Co.,  June  18  (GEG)  ;  Carroll  Co.,  July 
14  (HOD)  ;  Clark  Co.,  June  12-Aug.  1  (BEM),  PC)  ;  Fayette  Co.,  July 
13  (PC)  ;  Greene  Co.,  June  29  (W.  S.  Blatchley)  ;  Harrison  Co.,  July 
3-7  (DWL)  ;  Jefferson  Co.,  July  5-Aug.  6  (DWB)  ;  Knox  Co.,  June  14 
(BEM);  Kosciusko  Co.,  June  24-Aug.  10  (GEG);  Lake  Co.,  June  28 
(GEG);  Lawrence  Co.,  July  4-25  (BEM,  LIM);  Morgan  Co.,  July  13 
(RRH)  ;  Porter  Co.,  July  4,  Sept.  3  (BEM,  PC)  ;  Pulaski  Co.,  July  24 
(GEG)  ;  St.  Joseph  Co.,  July  11-Aug.  26  (AWT)  ;  Tippecanoe  Co.,  July 
11-Oct.  6    (JJD,  HOD,  BEM,  PC,  AWT);   Tipton  Co.,  Aug.  27    (GEG). 

Notes :  A  common  herb-inhabiting  species  collected  from  asparagus, 
blue  grass,  corn,  golden  rod,  oaks,  smartweed,  and  roadside  weeds. 
Extremes  of  collection  dates  of  adults  are  June  12  and  Oct.  6. 

Reported  from  Indiana  by  Funkhouser   (3). 

2.  Enchenopa  binotata   (Say,  1824). 

Collection  records:  Carroll  Co.,  Sept.  30  (HOD);  Harrison  Co., 
July  5  (DWL)  ;  Clark  Co.,  June  12  (PC)  ;  Jennings  Co.,  July  15  (PC)  ; 
Knox  Co.,  July  14  (BEM)  ;  Kosciusko  Co.,  July  5-Aug.  7  (GEG)  ;  Lake 
Co.,  June  28  (GEG)  ;  Morgan  Co.,  June  10-July  23  (LIM)  ;  Porter  Co., 
July  4-Aug.  8  (HEB,  JJD);  Tippecanoe  Co.,  June  24-Oct.  10  (JJD, 
HOD,  GEG,  AWT,  PC)  ;  Vermillion  Co.,  June  1  (GEG)  ;  Warren  Co., 
June  27  (HOD). 

Notes:  A  common  tree-  and  shrub-inhabiting  species  although 
sometimes  taken  on  herbaceous  plants.  It  has  been  taken  from  apple, 
bittersweet,  clover,  hop  hornbeam,  maple,  walnut,  and  willow  and  in  mis- 
cellaneous sweeping  from  weeds.  Extremes  of  collection  dates  of  adults 
June  1  and  Oct.  10. 

Reported  from  Indiana  by  Funkhouser   (3). 

Subfamily  Hoplophorinae 

3.  *Platycotis  qnadrivittata   (Say,  1831). 

Collection  records:     Tippecanoe  Co.,  Nov.  12    (W.  D.  Miller). 

Subfamily  Smiliinae 

4.  Acutalis  semicrema  (Say,  1830). 

Collection  records:  Harrison  Co.,  Sept.  1  (DWL)  ;  Kosciusko  Co., 
July  20  (GEG)  ;  Marion  Co.,  Oct.  15  (HOD)  ;  Morgan  Co.,  Aug.  7 
(LIM)  ;  Porter  Co.,  July  8   (HEB). 

Notes:     Rather  scarce,  taken  by  sweeping  grass  and  weeds  in  woods. 

Reported  by  Funkhouser  (3). 
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5.  *Acutalis  tartarea  (Say,  1830). 

Collection  records:  Clark  Co.,  July  25,  Aug.  31  (PC,  JJD)  ;  Clay 
Co.,  June  21  (GEG)  ;  Harrison  Co.,  July  1  (JJD,  DWL)  ;  Jefferson  Co., 
June  28  (DWB)  ;  Knox  Co.,  July  11  (BEM)  ;  Kosciusko  Co.,  July  15 
(GEG)  ;  Morgan  Co.,  June  18  (LIM)  ;  Noble  Co.,  July  20  (HEB)  ; 
Parke  Co.,  June  28  (FHT)  ;  Porter  Co.,  July  8  (HEB)  ;  Tippecanoe 
Co.,  Sept.  15   (PC). 

Notes:  More  common  than  the  above  species.  Taken  on  willow 
and  by  sweeping  herbage.  Extremes  of  collection  dates  of  adults  are 
June  18  and  Sept.  15. 

6.  Micrutalis  calva  (Say,  1831). 

Collection  records:  Carroll  Co.,  July  28-Oct.  17  (HOD,  GEG); 
Clark  Co.,  Aug.  31  (JJD,  HOD)  ;  Crawford  Co.,  Aug.  31  (DWL)  ;  Har- 
rison Co.,  July  1-Aug.  31  (DWL);  Jefferson  Co.,  June  5  (DWB); 
Lawrence  Co.,  Aug.  4  (JMA)  ;  Morgan  Co.,  June  10-July  13  (RRH, 
LIM);  Noble  Co.,  Sept.  7  (HEB);  Orange  Co.,  Aug.  20  (LIM);  Posey 
Co.,  Sept.  2  (HOD);  St.  Joseph  Co.,  June  28  (AWT);  Tippecanoe  Co., 
June  12-Oct.  17  (JJD,  HOD,  GEG,  LIM,  AWT,  PC);  Wells  Co.,  June 
18  (GEG). 

Notes:  A  very  common  species  on  honey  locust.  Taken  from 
Datura,  elm,  golden  rod,  honey  locust,  iron  weed,  pig  weed,  and  willow  and 
"at  light."    Extremes  of  collection  dates  of  adults  are  June  5  and  Oct.  17. 

Reported  from  Indiana  by  Funkhouser   (3). 

7.  *Stictocephala  festifia  (Say,  1830). 

Collection  records:  Harrison  Co.,  Aug.  24-Sept.  4,  on  alfalfa  and 
clover  (DWL). 

8.  Stictocephala  biennis   (Fabr.,  1775) . 

Collection  records:  Harrison  Co.,  July  3  (DWL);  Kosciusko  Co., 
June  24-July  15  (GEG)  ;  Lawrence  Co.,  June  21-Aug.  20  (JMA,  HOD, 
LIM);  Noble  Co.,  July  20  (HEB);  St.  Joseph  Co.,  July  12-Aug.  21 
(AWT);  Starke  Co.,  July  24  (GEG);  Tippecanoe  Co.,  July  7-Sept.  8 
(HOD,  GEG,  AWT,  PC)  ;  Vigo  Co.,  June  8   (JJD). 

Notes:  The  common  name  of  "green  clover  leafhopper"  has  been 
applied  to  this  insect  in  the  Pacific  Northwest  where  it  is  an  important 
pest  of  apples.  It  has  been  taken  in  Indiana  from  alfalfa,  apple,  aspara- 
gus, smartweed,  and  willow  and  "at  light."  The  extremes  of  the  col- 
lection dates  of  the  adults  are  July  24  and  Sept.  8. 

Reported  from  Indiana  by  Funkhouser   (3). 

9.  Stictocephala  lutea   (Walker,  1851). 

Collection  records:  Clark  Co.,  June  14-July  6  (BEM,  PC);  Craw- 
ford Co.,  May  16  (JJD)  ;  Harrison  Co.,  May  13,  Aug.  31  (DWL)  ;  Knox 
Co.,  May  21-Aug.  20  (GEG,  BEM,  PC)  ;  Kosciusko  Co.,  May  21-June  7 
(GEG)  ;  Lake  Co.,  June  4  (GEG)  ;  LaPorte  Co.,  May  9-Sept.  1  (GEL)  ; 
Morgan  Co.,  May  29  (LIM)  ;  Porter  Co.,  June  9  (HEB)  ;  St.  Joseph 
Co.,  June  15-17  (AWT)  ;  Starke  Co.,  June  4  (GEG)  ;  Tippecanoe  Co., 
May  10-Sept.  20    (GEG,  RRH,  PC);  Warren  Co.,  May  19    (HOD,  PC). 

Notes:     More   common    in    Indiana    than    S.    inermis.      Taken    from 
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alfalfa,    cottonwood,    dewberries,    red    clover,    sweet    clover,    and   willow. 
Extremes  of  collection  dates  of  adults  are  May  9  and  Sept.  20. 
Reported  from  Indiana  by  Funkhouser   (3). 

10.  Ceresa  albescens  Van  Duzee,  1908. 
Reported  from  Indiana  by  Funkhouser    (3). 

11.  Cere  set  basalts  Walker,  1851. 

Collection  records:  Clark  Co.,  June  12-July  26  (BEM,  PC)  ;  Kosci- 
usko Co.,  May  14-21  (GEG)  ;  Morgan  Co.,  May  29  (LIM)  ;  Pulaski  Co., 
July  24  (GEG)  ;  Tippecanoe  Co.,  May  10  (PC)  ;  Warren  Co.,  May  20 
(BEM,  PC). 

Notes:  Taken  from  oaks  and  grass.  Extremes  of  collection  dates 
of  adults  May  10  and  July  26. 

Reported  from  Indiana  by  Funkhouser   (3). 

12.  Ceresa  borealis  Fairmaire,  1846. 

Collection  records:  Clark  Co.,  Aug.  31  (JJD)  ;  Harrison  Co.,  July 
4,  Sept.  1  (DWL,  HOD)  ;  Howard  Co.,  Aug.  27  (GEG)  ;  Lawrence  Co., 
July  24-Aug.  16  (JMA)  ;  Morgan  Co.,  July  13-23  (RRH,  LIM);  Noble 
Co.,  July  20  (HEB)  ;  Starke  Co.,  July  24  (GEG)  ;  Tippecanoe  Co.,  July 
19-Oct.  20   (HOD,  GEG,  BEM,  AWT,  PC). 

Notes:  Taken  from  cottonwood,  goldenrod,  maple,  and  willow  and 
"at  light."   Extremes  of  collection  dates,  July  4  and  Oct.  20. 

Reported  from  Indiana  by  Funkhouser  (3). 

13.  Ceresa  brevicornis  Fitch,  1856. 

Reported  from  Indiana  by  Funkhouser   (3). 

14.  "Ceresa  brevitylus  Van  Duzee,  1908. 

Collection  records:     Tippecanoe  Co.,  June  15    (JJD). 

15.  Ceresa  bnbalus  Fabr.,  1794. 

Collection  records:  Bartholomew  Co.,  Oct.  15  (HOD);  Carroll  Co., 
July  14-28  (HOD,  GEG);  Clark  Co.,  June  28,  Aug.  31  (PC,  HOD); 
Clinton  Co.,  Aug.  27  (GEG)  ;  Harrison  Co.,  Sept.  4  (DWL)  ;  Jasper 
Co.  (PC)  ;  Knox  Co.,  Aug.  12  (BEM)  ;  Kosciusko  Co.,  July  20-Aug.  21 
(GEG)  ;  Lawrence  Co.,  July  2-Sept.  1  (JMA,  LIM)  ;  Pulaski  Co.,  July 
24  (GEG);  Rush  Co.,  Sept.  11  (RRH);  Starke  Co.,  July  24  (GEG); 
Tippecanoe  Co.,  July  4-Oct.  17  (HOD,  GEG,  RRH,  BEM,  LIM,  AWT, 
PC)  ;  Tipton  Co.,  Aug.  27   (GEG)  ;  Wabash  Co.,  July  11   (GEG). 

Notes:  This  species  is  the  well  known  buffalo  treehopper  which 
injures  apple  and  elm  twigs  rather  seriously  by  ovipositing  in  them. 
Taken  from  alfalfa,  apple,  corn,  elm,  poplar,  and  willow  and  at  light.  Ex- 
tremes of  collection  dates  of  adults  are  July  2  and  Oct.  17. 

Reported  from  Indiana  by  Baldwin  (1),  Funkhouser  (3)  and  Van 
Duzee  (4). 

16.  Ceresa  constans   (Walker,  1851). 

Collection  records:     Jefferson  Co.,  on  Liquidambar  styraciflua,  July 
5  (DWB)  ;  Kosciusko  Co.,  July  8  (GEG)  ;  Tippecanoe  Co.,  Oct.  17  (PC). 
Reported  from  Indiana  by  Funkhouser   (3). 
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17.  Ceresa  diceros   (Say,  1824). 

Collection  records:  Fulton  Co.,  July  6  (GEG)  ;  Harrison  Co.,  Aug. 
24  (DWL)  ;  Kosciusko  Co.,  June  26-July  20  (GEG)  ;  Noble  Co.,  Sept.  7 
(HEB)  ;  Morgan  Co.,  July  14  (LIM)  ;  Porter  Co.,  July  8  (HEB)  ;  Posey 
Co.,  Sept.  2  (HOD)  ;  Tippecanoe  Co.,  June  15-July  22  (GEG,  PC)  ;  Tip- 
ton Co.,  July  30   (COP). 

Notes:  Taken  on  elder  and  clover.  Extremes  of  collection  dates 
of  adults  are  June  15  and  Sept.  7. 

Reported  from  Indiana  by  Funkhouser   (3). 

18.  Ceresa  illinoiensis  Golding,  1894. 
Reported  from  Indiana  by  Funkhouser   (3). 

19.  Ceresa  palmeri  Van  Duzee,  1908. 

Collection  records:     Carroll   Co.,  July  28    (GEG);    Noble   Co.,  July 
20  (HEB)  ;  Tippecanoe  Co.,  July  4-Oct.  7  (HOD,  GEG). 
Reported  from  Indiana  by  Funkhouser   (3). 

20.  Ceresa  taurina  Fitch,  1856. 

Collection  records:  Harrison  Co.,  July  12-14,  (DWL)  ;  Kosciusko 
Co.,  July  4-Aug.  7  (GEG)  ;  Lawrence  Co.,  Aug.  23  (JMA)  ;  Orange  Co., 
June  25  (JMA)  ;  Rush  Co.,  June  30  (RRH)  ;  Tippecanoe  Co.,  June  26- 
Oct.  8   (JJD,  GEG,  AWT,  PC)  ;  Tipton  Co.,  July  4-30   (COP). 

Notes:  This  is  another  species  of  Ceresa  which  oviposits  in  apple. 
Taken  from  apple  and  willow  and  "at  light." 

Reported  from  Indiana  by  Funkhouser   (3). 

21.  Carynota  marmorata   (Say,  1831). 
Reported  from  Indiana  by  Funkhouser  (3). 

22.  *Carynota  mera  (Say,  1831). 

Collection  records:  Clark  Co.,  July  15  (PC)  ;  Jefferson  Co.,  June 
16  (DWB)  ;  Lawrence  Co.,  July  2  (JMA)  ;  Tippecanoe  Co.,  June  12 
(HOD,  LIM). 

23.  Thelia  bimaculata  (Fabr.,  1794). 

Collection  records:  Clark  Co.,  June  14- July  8  (PC)  ;  Morgan  Co., 
June  18  (LIM)  ;  Noble  Co.,  Sept.  5  (HEB)  ;  Tippecanoe  Co.,  May  26- 
Sept.  28  (BEM,  LIM,  AWT,  PC)  ;  Washington  Co.,  July  2  (PC). 

Notes:  Host,  black  locust.  Extremes  of  collection  dates  of  adults, 
May  26  and  Sept.  28. 

Reported  from  Indiana  by  Funkhouser  (3). 

24.  *Glossonotus  acuminatus   (Fabr.  1775). 
Collection  records:     Clark  Co.,  June  26,  on  oak  (PC). 

25.  Glossonotus  univittatus   (Harris,  1841). 

This  species  is  reported  from  Indiana  by  Ball  (2).  The  specimens 
which  he  examined  were  collected  by  Baker  and  are  deposited  in  the 
U.  S.  National  Museum. 

26.  Palonica  pyramidata   (Uhler,  1877). 
Reported  from  Indiana  by  Funkhouser  (3). 

27.  "Palonica  viridia   (Ball,  1903). 

Collection  records:     Noble  Co.,  July  20   (HEB). 


List  of  Membracidae  of  Indiana  241 

28.  Telamona  ampelopsidis   (Harris,  1841). 

Collection  records:  Clark  Co.,  June  23  (BEM)  ;  Tippecanoe  Co., 
June  15   (JJD). 

Notes:  Reported  from  Indiana  by  Ball  (2)  and  Funkhouser  (3). 
The  specimens  which  Ball  examined  are  in  the  U.  S.  National  Museum. 

29.  "Telamona  collina  (Walker,  1851). 

Collection  records:     Lawrence  Co.,  July  2   (JMA). 

30.  Telamona  decorata  Ball,  1903. 

Reported  from  Indiana  by  Van  Duzee  (4)   and  Funkhouser  (3). 

31.  Telamona  extrema  Ball,  1903. 

Reported  from  Indiana  by  Ball  (2)  from  specimens  taken  by 
Gerhardt. 

32.  Telamona  monticola   (Fabr.,  1803). 

Collection  records:  Clark  Co.,  June  14  (PC)  ;  Lawrence  Co.,  June 
14  (JMA)  ;  Orange  Co.,  Sept.  10  (PC). 

Reported  from  Indiana  by  Ball  (Baker  collection  in  U.  S.  N.  M.)  and 
Funkhouser    (3). 

33.  "Telamona  spreta  var.  agrandata   (Ball,  1932). 
Collection  records:     Porter  Co.,  June  21   (HEB). 

34.  "Telamona  tiliae  Ball,  1925. 

Collection  records:     Lawrence   Co.,  July  21,  at  light    (JMA). 

35.  Telamona  unicolor  Fitch,  1851. 

Collection  records:     Delaware  Co.,  June  6   (JJD). 
Reported  from  Indiana  by  Funkhouser  (3). 

36.  "Archasia  belfragei   (Stal,  1869). 

Collection  records:     Clark  Co.,  June  14  (BEM) ,  July  8,  on  oak  (PC) . 

37.  "Archasia  galeata   (Fabr.,  1803). 

Collection  records:     Harrison  Co.,  June  20,  on  oak    (DWL). 

38.  "Smilia  camelus   (Fabr.,  1803). 

Collection  records:  Clark  Co.,  July  3  (PC)  ;  Kosciusko  Co.,  June 
4  (GEG). 

39.  "Atymna  castaneae  (Fitch,  1851). 
Collection  records:     Clark  Co.,  July  14  (PC). 

40.  "Atymna  helena  (Woodruff,  1915). 

Collection  records:     Kosciusko  Co.,  July  20,  on  oak  (GEG). 

41.  "Atymna  querci  (Fitch,  1851). 

Collection  records:  Clark  Co.,  July  14  (PC)  ;  Kosciusko  Co.,  June 
2-4,  on  oak  (GEG)  ;  Tippecanoe  Co.,  June  12   (HOD,  LIM). 

42.  "Cyrtolobus  acutus  Van  Duzee,  1908. 

Collection  records:     Kosciusko  Co.,  June  2,  on  oak  (GEG). 

43.  *Cyrtolobus  arcuatus   (Emmons,  1854). 

Collection  records:  Clark  Co.,  June  13  (BEM)  ;  Kosciusko  Co., 
June  4,  on  oak  (GEG)  ;  Tippecanoe  Co.,  July  17   (PC). 

16—49646 
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44.  *Cyrtolobus  fuliginosus   (Emmons,  1854). 

Collection  records:     Kosciusko  Co.,  June  4,  on  oak  (GEG). 

45.  *Cyrtolobus  fuscipennis  Van  Duzee,  1908. 

Collection  records:  Clark  Co.,  July  14  (PC)  ;  Kosciusko  Co.,  July 
4   (GEG). 

46.  *Cyrtolobus  gratiosus  Woodruff,  1924. 

Collection  records:     Kosciusko  Co.,  June  2,  on  oak   (GEG). 

47.  *Cyrtolobus  griseus  Van  Duzee,  1908. 
Collection  records:     Clark  Co.,  July  14   (PC). 

48.  *Cyrtolobus  puritanns  Woodruff,  1924. 

Collection  records:     Kosciusko  Co.,  July  20   (GEG). 

49.  *Cyrtolobus  van   (Say,  1831). 

Collection  records:  Clark  Co.,  June  1-3  (BEM)  ;  Kosciusko  Co., 
July  20  (GEG)  ;  Tippecanoe  Co.,  May  22-June  12  (HOD,  LIM,  PC)  ;  Tip- 
ton Co.,  July  30   (COP). 

50.  *Ophiderma  flavacejjhala  Goding,  1892. 
Collection  records:     Clark  Co.,  June  15    (PC). 

51.  *Ophiderma  grisea  Woodruff,  1919. 

Collection  records:     Kosciusko  Co.,  June  4,  on  oak   (GEG). 

52.  *Ophiderma  piibesce?is    (Emmons,  1854). 
Collection  records:     Tippecanoe  Co.,  June  15    (JJD). 

53.  Vanduzea  arquata  (Say,  1831). 

Collection  records:  Clark  Co.,  June  12-17  (BEM,  PC);  Kosciusko 
Co.,  June  17  (GEG);  Noble  Co.,  June  30  (HEB)  ;  Morgan  Co.,  June  1 
(LIM)  ;  St.  Joseph  Co.,  Aug.  22  (AWT)  ;  Tippecanoe  Co.,  July  31-Sept. 
25   (JMA,  HOD,  BEM,  AWT). 

Notes:  This  is  a  common  species  taken  on  cottonwood,  honey  locust, 
horse  weed,  and  willow.  Extremes  of  collection  dates  of  adults  are 
June  1  and  Sept.  25. 

Reported  from  Indiana  by  Funkhouser  (3). 

54.  Entylia  bactriana  Germar,  1835. 

Collection  records:  Bartholomew  Co.,  Oct.  15  (GEG)  ;  Crawford 
Co.,  Aug.  31  (DWL);  Fayette  Co.,  July  17  (PC);  Knox  Co.,  July  11 
(BEM);  Kosciusko  Co.,  May  21-Aug.  7  (GEG);  Monroe  Co.  (JJD); 
Morgan  Co.,  May  29-Oct.  21  (LIM);  Parke  Co.,  June  25-28  (FHT)  ; 
Tippecanoe  Co.,  May  6-Oct.  10   (JJD,  HOD,  GEG,  LIM,  AWT). 

Notes:  This  is  a  very  common  herb-inhabiting  species  and  is  one 
of  the  few  membracids  which  over-winters  in  the  adult  stage.  Has  been 
taken  on  asparagus,  blue  grass,  ragweed,  sunflower,  willow. 

Reported  from  Indiana  by  Funkhouser   (3). 
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55.  Publia  concava   (Say,  1824). 

Collection  record*:  Fulton  Co.,  May  31  (GEG)  ;  Morgan  Co.,  May 
14-Aug.  7    (RRH,  LIM);  Tippecanoe  Co.,  April  22-June  8    (GEG,  PC). 

Notes:  This  species  also  seems  to  over-winter  as  adults.  Taken  on 
burdock  and  red  clover  and  from  weeds  along  streams. 

Reported  from  Indiana  by  Funkhouser  (3). 

56.  *Publia  reticulata  Van  Duzee,  1908. 

Collection  records:  Clark  Co.,  June  13,  July  15  (BEM)  ;  Crawford 
Co.,  Aug.  30,  Sept.  1  (JJD,  HOD);  Johnson  Co.,  Oct.  15  (HOD);  Kos- 
ciusko Co.,  May  21-24  (GEG);  Noble  Co.,  June  9  (HEB)  ;  Tippecanoe 
Co.,  May  8-June  9   (GEG,  PC)  ;  Warren  Co.,  May  19   (HOD). 

Notes:  More  common  than  the  above  species.  It  seems  to  over- 
winter as  an  adult  as  young  nymphs  were  abundant  in  Crawford  County 
the  first  of  September  on  iron  weed.  Taken  from  burdock  and  iron  weed 
and  in  general  sweeping. 

Subfamily  Centrotinae 

57.  *Microcentrus  perdita  (A.  &  S.,  1843). 
Collection  records:     Tippecanoe  Co.,  Oct.  1    (PC). 
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NOTES  ON  THE  SPOTTED  TURTLE 
IN  NORTHERN  INDIANA 

With  Special  Reference  to  Secondary  Sexual  Differences 


Chapman  Grant,  Major,  U.  S.  A. 

The  spotted  turtle  is  the  most  likable  of  the  Indiana  pond  turtles. 
It  is  slow  and  methodical,  cannot  be  induced  to  bite,  feeds  readily  on 
raw  beef  in  captivity,  allows  its  legs  to  be  extended,  and  will  project 
its  head  and  neck  in  a  trusting  manner  when  newly  captured.  If  hurt 
it  can  draw  the  head  completely  out  of  sight.  It  inhabits  small  streams 
and  ditches  in  company  with  Blanding's  turtle  and  young  painted  turtles. 
When  surprised  in  shallow  water  it  will  usually  try  to  burrow  in  the  mud 
or  leaves,  but  on  land  it  merely  awaits  developments  and  slightly  retracts 
its  members.  It  is  occasionally  severely  injured  by  rodents  which  gnaw 
away  the  scutes  and  frequently  large  areas  of  bone  of  the  plastron. 
Shells  in  the  woods  near  swamps  shew  where  some  have  been  destroyed 
in  this  manner.  The  tooth  marks  show  on  living  and  dead  alike.  Some 
animal  preys  on  the  young  of  this,  the  painted,  and  Blanding's  turtles 
by  devouring  the  head  and  forefeet  and  leaving  the  bodies  piled  on 
banks  along  ditches.  Specimens  are  frequently  seen  with  healed-over 
stubs  of  forefeet.     They  are  seen  mating  on  moist  land  in  April. 

Secondary  sexual  differences  in  turtles  are  chromatic  and  morpho- 
logical. 

Differences  in  color  have  been  misconstrued  by  study  of  preserved 
instead  of  living  specimens  and  by  failure  to  scale  off  the  variously 
colored  coatings  that  sometimes  adhere  to  the  shell  like  lacquer.  Thus 
Blake  states  (1)  "It  is  a  curious  fact  that  not  one  of  the  fairly  con- 
spicuous and  constant  sexual  differences  in  coloration  of  Clemmys  guttata 
has  previously  been  recorded  .  .  ."  Blake  collected  and  preserved 
eighteen  specimens  himself  and  studied  forty-three  preserved  in  the 
National  Museum.  Thus  he  overlooked  the  constant  sexual  difference 
of  the  eye  in  this  turtle,  which  is  dark  brown  in  the  male  and  bright 
orange  in  the  female.  Agassiz  states  of  C.  guttata  that  he  has  "seen 
old  specimens  that  were  entirely  black"  (2).  This  remark  should  be 
amplified  by  the  detail  as  to  whether  or  not  any  coating  had  been  scraped 
from  these  specimens  if  they  are  as  subject  to  discoloration  in  the  East 
as  in  Indiana.  Yerkes,  speaking  of  the  yellow  dots,  says  (3)  :  "With 
age  the  number  of  spots  increases;  they  appear  on  the  marginal  plates 
also,  and  their  arrangement  becomes  irregular."  Blake  points  out  that 
both  Yerkes  and  Agassiz  were  in  error  in  believing  that  the  young  were 
hatched  without  marginal  spots  (1).  As  to  the  arrangement  of  spots, 
it  is  definite.  Beginning  with  the  original  large  spot  in  the  rough  part 
of  the  scute,  which  represents  the  extent  of  the  scute  when  the  turtle 
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emerges  from  the  egg,  additional  spots,  appearing  at  the  edges  of 
growth,  radiate  from  this  center  with  more  or  less  regularity  and  simi- 
larly to  the  rays  and  radiating  spots  of  Terrapene  and  Emys  respectively. 

Differences  in  form  are  noted  by  several  authors,  but  they  confine 
themselves  to  the  differences  in  the  tails  noted  by  Agassiz  and  to  a  dif- 
ference in  size. 

Study  of  a  series  of  seventy-eight  adults,  young,  and  juveniles,  taken 
in  Jasper,  Pulaski,  Starke  and  Porter  counties,  Indiana,  confirms  or 
challenges  the  characters  mentioned  by  previous  authors  and  adds  a  few 
unmentioned  ones.  These  specimens  were  studied  alive  after  scraping  the 
lacquer-like  discoloration,  when  present,  from  their  shells  thereby  reveal- 
ing the  true  spots  and  colors.  Doubtless  other  secondary  sexual  char- 
acters remain  to  be  pointed  out  by  future  writers. 

Color  Variations 

The  number  and  size  of  the  yellow  dots  varies  greatly  with  indi- 
viduals and  is  therefore  of  doubtful  diagnostic  use.  Yerkes  found  15% 
more  spots  on  the  females  than  on  males  (3).  My  series  averages 
about  33  spots  equilaterally  distributed  on  neurals  and  costals  in  each 
sex.  Yerkes  also  states  (3)  :  "Statistics  indicate  a  greater  number  of 
spots  on  the  left  side  of  the  carapace  than  on  the  right  in  both  males 
and  females.  It  is  possible  that  this  is  to  be  correlated  with  right 
handedness  and  right-eyedness."  My  experience  in  the  field  is  that  these 
turtles  are  oblivious  to  one  another  except  at  certain  times  which  seem 
to  be  determined  entirely  by  the  sense  of  smell  and  call  for  ambidex- 
terity. Since  this  contact  is  invariably  from  the  rear,  right-  or  left- 
eyedness  seems  subservient  to  good  balance. 

The  spots  on  the  specimens  at  the  Ohio  State  Museum  are  larger, 
on  the  average,  than  those  on  the  Indiana  specimens. 

The  color  of  the  heads  is  most  strikingly  different  and  is  well 
described  and  illustrated  by  Blake. 

Male. — Jaws  always  dusky;  mandibular  yellow  stripe  nearly  or  quite 
lacking;  throat  black,  finely  specked  with  orange;  supra-auricular  yel- 
low streak  little  developed. 

Female. — Jaws  always  pale  yellow;  mandibular  yellow  stripe  always 
conspicuous;  throat  always  spotted  and  streaked  with  yellow;  supra- 
auricular  orange  line  usually  well  developed. 

Blake  found  the  crown  of  the  male  anterior  to  orbits  usually  im- 
maculate and  the  female  bearing  several  yellow  spots.  The  Indiana 
males  are  gayer,  averaging  1.5,  while  the  females  average  2.0  yellow 
crown  spots. 

The  colors  of  the  plastron  vary  considerably  in  proportion  and 
arrangement,  but  no  sexual  significance  was  noted.  As  stated  above, 
the  eyes  of  the  males  are  always  deep  brown;  of  the  females  always 
bright  orange,  even  in  juveniles. 

Variations  in  Form 

Hay  was  the  first  to  mention  the  relative  position  of  the  vent  in 
regard  to  the  edge  of  the  marginals  (4).  The  vent  of  the  female  barely 
reaches  the  edge  of  the  marginals,  whereas  that  of  the  male  extends 
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about  5  mm.  beyond  them.  The  tail  tip  is  so  subject  to  mutilation  that 
measurements  beyond  the  vent  are  of  little  diagnostic  value. 

The  plastron  of  the  male  is  about  2  mm.  concave  toward  the  anterior 
margin  of  the  femorals;  that  of  the  female,  flat  or  slightly  convex.  The 
posterior  edge  of  the  plastron  is  nearer  the  edge  of  the  marginals  in 
the  females  than  in  the  males,  because  the  plastron  averages  about  5  mm. 
longer  in  the  females. 

The  Indiana  males  and  females  average  about  the  same  length  of 
carapace.  Yerkes  states:  "The  females  are  slightly  smaller  than  the 
males  .  .  .",  but  he  gives  no  figures;  and  Blake  is  also  silent  on  the 
subject,  although  he  obtained  data  on  24  males  and  36  females.  The 
largest  male  found  measured  10.6  cm.  and  the  largest  female,  11.1  cm. 
The  Ohio  series  of  29  specimens  shows  the  females  larger  than  the  males, 
one  female  measuring  11.75  cm. 

The  head  of  the  male  is  slightly  wider  and  deeper  than  that  of 
the  female.  The  vertical  distance  between  carapace  and  plastron  at 
neck  and  tail  is  slightly  greater  in  the  male.  No  constant  difference 
was  noted  in  the  shape  of  the  carapace  although  there  was  considerable 
variation.  No  constant  difference  was  noted  in  the  length  of  the  nails 
of  the  forefeet  as  is  mentioned  by  DeSola   (5). 

Scute  abnormalities  are  .154  in  females  and  .059  in  males.  The 
Ohio  series  contained  no  abnormal  females  and  one  abnormal  male.  This 
tends  to  carry  out  the  general  findings  of  Coker  in  regard  to  G.  geo- 
graphica,  but  he  did  not  give  the  percentage  as  quoted  by  Risley    (6). 

Changes  During  Growth 

Color. — The  young  are  hatched  with  one  or  more  yellow  dots  on  each 
scute  and  usually  on  all  marginals,  but  I  have  not  seen  one  on  the 
nuchal.  The  entire  center  of  the  plastron  is  black.  Head,  throat  and 
eyes  are  as  in  the  adult.  There  are  no  yellow  spots  on  legs  or  tail.  As 
growth  proceeds  more  yellow  dots  appear,  usually  including  one  on  the 
nuchal.  The  black  center  of  the  plastron  migrates  radially  leaving  a 
flesh-pink  center.  Yellow  dots  appear  on  legs,  tail  and  head.  The  orange 
and  black  on  the  legs  become  vivid. 

Proportion. — The  tail  of  the  juvenile,  measured  from  plastron  to 
tip,  is  about  one  half  the  length  of  the  carapace.  With  age  this  pro- 
portion is  reduced  to  about  two-fifths.  The  nearly  circular  juvenile 
with  breadth  about  95%  of  length  changes  to  an  elongated  adult  with 
breadth  about  77%  of  length.  The  projection  of  the  marginals  beyond 
the  femorals  is  contained  four  and  a  half  times  in  the  plastron  in 
juveniles  and  is  reduced  to  eight  and  a  half  times  in  adults.  The 
growth  rings  on  the  carapace  tend  to  disappear  with  age,  but  can 
usually  be  made  out  on  the  plastron  except  in  apparently  very  old 
individuals.  A  six-ringed  individual  seems  to  be  mature.  It  is  difficult 
to  make  out  rings  more  than  ten  in  number.  I  know  of  no  proof  of  age 
being  exactly  represented  by  rings,  nor  of  the  way  to  read  the  reduced 
rings  that  seem  to  be  produced  after  maturity.  DeSola  says:  ''By 
counting  the  rings  on  several  shields  and  taking  an  average  a  figure 
will  appear  that  may  be  used  to  indicate  the  age  of  a  specimen"    (5). 
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JUNIOR  ACADEMY  OF  SCIENCE 
PROGRAM  OF  FOURTH  ANNUAL  CONVENTION 

Saturday,  November  17,  1934 


9:00  A.  M.     Call  to  order  by  the  state  president,  M.  M.  Williams. 
9:05  A.  M.     Talk  by  the  chairman  of  the  committee,  Howard  E.  Enders. 
9:35  A.M.     Presentation  of  the  state  constitution. 
10:30  A.M.     Report  of  the  advisory  council. 

10:45  A.M.     Presentation  of  the  constitution  for  subordinate  chapters. 
11:00  A.  M.     Presentation  and  acceptance  of  new  members. 
11:30  A.M.     Installation  of  new  state  officers. 
12:00  M.  Recess. 

1:30  P.M.     Equipment   and  methods   of   preparing  insects   for   collec- 
tion   (Lantern).     Dr.   Howard   O.   Deay,   Purdue  Uni- 
versity. 
2:00  P.M.     Some  difficulties  that  are  encountered  in  sponsoring  a  sci- 
ence club.     C.  O.  Pauley   (given  at  close  of  meeting). 
2:15  P.  M.     Some  of  the  most  troublesome  weeds  of  Jefferson  County. 

Mary  E.  Harrell. 
2:30  P.  M.     Chemistry  in  Peace  and  War.     Harry  Hadd. 
2:45  P.  M.     The  inhabitants  of  a  small  pond.     Ruth  Hertz. 
3:00  P.M.     Our  common  butterfles.     Merrill  Eaton    (omitted). 
3:15  P.M.     Some  common  rocks.     Anna  Thomas. 
3:30  P.M.     Our  friends,  the  beetles.     Robert  Chattin    (omitted). 
3:45  P.M.     Special  report.     Vivian  Allen. 

4:00  P.M.     General  review  of  the  club  activities.     Discussion  led  by 
M.  M.  Williams. 
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MINUTES  OF  MEETING 

The  Indiana  Junior  Academy  of  Science  met  at  Butler  University, 
Indianapolis,  Indiana,  on  Saturday,  November  17,  1934,  for  its  fourth 
annual  meeting.  M.  M.  Williams,  sponsor  of  the  Bloomington  chapter, 
presided.  The  following  chapters  were  represented  by  student  members 
or  sponsors: 

Hilltop  Nature  Study  Club,  North  Madison,  Edna  Banta,  Sponsor. 

Sciemus  Club,  Valparaiso,  C.  0.  Pauley,  Sponsor. 

General  Science  Club,  Bloomington,  M.  M.  Williams,  Sponsor. 

Biology  Club,  Crispus  Attucks  H.  S.,  Indianapolis,  C.  E.  Ransom, 
Sponsor. 

Chemistry  Club  Shortridge  H.  S.,  Indianapolis,  Lois  E.  Martin, 
Sponsor. 

Nature  Study  Club — Arsenal  Tech.  H.  S.,  Indianapolis,  C.  E. 
Cox,  Sponsor. 

Washington  Center  Hiking  and  Nature  Lore  Club,  Columbia 
City,  J.  H.  Bjorklund,  Sponsor. 

West  Lafayette  H.  S.,  Anna  M.  Inskeep,  Sponsor. 

These  chapters  submitted  annual  reports.  All  except  Whitley  County 
group  had  exhibits  of  project  work.  Whitley  County  members  could 
not  attend  because  of  transportation  problems. 

Approximately  seventy-five  persons  were  present  at  the  morning 
session,  and  many  more  at  the  afternoon  session. 

The  program  preceding  these  minutes  was  followed.  Annual  re- 
ports were  given  in  the  morning  business  session.  Two  program  reports 
were  omitted  and  one  number  given  in  the  morning  in  order  to  shorten 
the  afternoon  session  and  permit  visiting  students  to  accept  an  invitation 
to  attend  the  football  game  between  Butler  and  Valparaiso  Universities, 
on  the  Butler  Athletic  Field. 

The  business  session  opened  with  a  talk  by  Dr.  Enders.  He  re- 
viewed Academy  progress,  commended  clubs  for  their  activity  and  sug- 
gested some  details  and  ways  of  making  their  work  more  acceptable 
to  science. 

Mr.  Williams  presented  a  plan  for  a  state  constitution,  which  in- 
cluded: a  statement  of  plan  and  purpose;  provisions  for  an  official  staff 
consisting  of  state  sponsor,  an  advisory  council  of  five  sponsors,  and 
state  officers  nominated  by  this  council  for  this  year;  statements  of 
duties  of  officers  and  requirements  for  membership ;  provisions  for 
awards;  and  provisions  for  amendment  of  the  constitution.  Mr.  Williams 
placed  this  constitution  before  the  meeting  in  the  form  of  a  motion  for 
its  acceptance.  Dr.  Enders  advised  further  consideration  and  amended 
the  motion  to  the  effect  that  the  section  providing  for  the  Advisory 
Council  and  its  duties  be  accepted  as  a  working  plan  for  the  year.  The 
state  officers  for  the  year  1934-1935  thus  authorized  are: 
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State  Sponsor:      Dr.  H.  E.  Enders,  Purdue  University. 
Advisory  Council : 

C.  O,  Pauley,  Valparaiso,  term  1934-1935. 

Edna  Banta.  North  Madison,  term  1934-1938. 

Lois  E.  Martin,  Shortridge,  term  1934-1937. 

Emmet  Stout,  Crawfordsville,  term  1934-1936. 

M.  M.  Williams,  Bloomington,  term  1934-1935. 

Officers  elected  to  serve  in  1934-1935: 

President:      Merril  Eaton,  Bloomington. 

Vice-President:      Carl  Wood,   Valparaiso. 

Secretary:      Ruth  Hertz,  North  Madison. 

Treasurer:      Harry  Hadd,  Shortridge  H.   S.,  Indianapolis. 

Dr.  Enders  reviewed  requirements  made  by  the  Indiana  Academy 
of  Science,  and  suggested  that  chapter  constitutions  should  conform  to 
these,  but  otherwise  be  made  to  meet  local  needs.  He  presented  names 
of  new  chapters  and  their  sponsors.  He  urged  activity  in  organizing 
clubs,  but  stated  that  a  gradual  growth  in  the  Junior  Academy  would 
mean  an  active  and  enduring  organization,  a  desirable  aim.  He  sug- 
gested the  desirability  of  continued  work  on  a  project  covering  longer 
periods  of  observation,  of  joint  projects  by  groups.  It  was  pointed  out 
that  the  fact  that  a  project  or  exhibit  has  been  worked  out  by  a  member 
of  a  club  does  not  make  it  a  less  valuable  one  for  someone  else. 

The  program  features  given  by  club  members  were  presented  in 
good  form  and  showed  what  club  work  can  accomplish  in  organization 
and  presentation  of  material.  The  exhibits  were  varied  and  interesting. 
The  partial  list  below  will  indicate  their  nature  and  variety. 

Collections  of  smaller  animals,  weeds,  fruits  and  seeds,  ferns,  wood 
sections  and  bark  and  leaves  of  trees,  and  a  survey  of  life  around  and 
in  a  small  pond,  by  North  Madison. 

Collection  of  butterflies  and  rocks,  by  the  Bloomington  Club. 

Display  of  charts  and  nature  calendars,  by  the  Arsenal  Technical 
Club. 

A  diagramatic  display  of  "Chemistry  of  War  and  Peace,"  by  the 
Shortridge  Club. 

Display  of  sources  of  common  drugs,  by  the  Valparaiso  Club. 

A  collection  of  leaves  of  trees,  by  the  Crispus  Attucks  Club. 

A  display  of  Types  of  Projects,  including  collections  of  the  Sat- 
urniidae  and  of  Papilio  of  this  section,  common  rocks  of  Indiana,  lichens, 
teaching  set  of  conifers,  a  report  of  a  pool  and  rockery  project,  an 
aquarium,  and  an  astronomy  project  illustrated  by  slides — West  Lafayette 
Club. 

A  model  aeroplane  was  exhibited  by  the  Montmorenci  Club. 

At  the  close  of  the  meeting  the  question  of  the  desirability  of  Fri- 
day, instead  of  Saturday,  as  a  day  for  meetings  was  discussed  briefly. 
Several  favored  it,  believing  a  more  profitable  meeting  could  be  held 
while  the  Academy  meetings  were  in  session. 

Anna  M.  Inskeep, 
Secretary  of  the  1934.  Session. 
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JUNIOR  ACADEMY  OF  SCIENCE  CLUBS  IN  ORDER  OF 
AFFILIATION 
1932 
Charter  members — Hilltop  Nature  Study,  North  Madison. 
Sciemus  Club,  Valparaiso. 
General  Science  Club,  Bloomington. 
Audubon  Society,  Crawfordsville. 
Biology  Club,  Crispus  Attucks,  Indianapolis. 
Chemistry  Club,  Shortridge,  Indianapolis. 
Science  Club,  Union  City. 

Nature  Study  Club,  Technical  Schools,  Indianapolis. 
Geography  Council,  North  Side,  Fort  Wayne. 

1933  Washington   Center   Hiking  and   Nature   Lore    Club, 

Columbia  City. 
Jolly  Hiking  and  Nature  Club,  Coesse. 
Science  Club,  West  Lafayette. 
Astronomy  Club,  Tipton. 

1934  Junior  Academy  of  Science  Club,  Montmorenci. 
Tri  Science  Club,  Lincoln  H.  S.,  Cambridge  City. 
Science  Club,  Blaine  Jr.,  H.  S.,  Muncie. 

Additional  clubs  have  organized  and  are  planning  to  affiliate  with 
the  Junior  Academy  of  Science  if  they  develop  adequate  interest  in  the 
course  of  the  current  year. 
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CONSTITUTION  OF  THE  INDIANA  ACADEMY 
OF  SCIENCE1 


Article  I. 


Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research 
and  the  diffusion  of  knowledge  concerning  the  various  departments  of 
science.  The  Academy  shall  promote  intercourse  between  men  engaged 
in  scientific  work,  especially  in  Indiana,  assist  by  investigation  and 
discussion  in  developing  and  making  known  the  educational,  material 
and  other  resources  and  riches  of  the  state,  prepare  for  publication 
such  reports  of  investigation  and  discussion  as  may  further  the  aims 
and  objects  of  the  Academy  as  set  forth  in  these  articles. 

Since  the  state  has  agreed  to  make  an  annual  appropriation  to 
assist  the  publication  of  such  proceedings,  the  Academy  shall  upon  the 
request  of  the  governor,  or  one  of  the  several  departments  of  the  state, 
through  the  governor,  act  through  its  Executive  Committee,  or  Subsidi- 
ary Committee  as  an  advisory  body  in  the  direction  and  execution  of 
any  investigation  within  its  province  as  stated.  The  necessary  expenses 
incurred  in  the  prosecution  of  such  investigation  are  to  be  borne  by  the 
state;  no  pecuniary  gain  is  to  come  to  the  Academy  for  its  advice  or 
direction  of  such  investigation. 

The  regular  proceedings  of  the  Academy,  in  so  far  as  published  by 
the  state,  shall  become  a  public  document  and  be  circulated  by  the  Indi- 
ana State  Library  as  agreed  upon  by  the  Library  and  the  Academy 
Committee  on  Relation  of  the  Academy  to  the  State. 

Article  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows, 
fellows,  non-resident  members,  annual  members,  and  life  members. 

Sec.  2.  Any  person  interested  in  any  department  of  scientific  work 
shall  be  eligible  to  membership.  Annual  members  may  be  elected  at  any 
meeting  of  the  Academy.  They  shall  pay  an  admission  fee  of  one  dollar 
and  one  dollar  dues  and  thereafter  an  annual  fee  of  one  dollar.  Any 
person  who  shall  at  one  time  contribute  twenty-five  times  the  annual 
dues  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of  the 
Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from 
the  state.  A  three-fourths  vote  of  the  members  present  shall  elect  to 
membership.  Applications  for  membership  shall  be  referred  to  a  com- 
mittee on  application  for  membership,  which  shall  consider  such  appli- 
cations and  report  to  the  Academy  before  the  election. 

1  As   revised,   November   17,    1934. 
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Sec.  3.  Members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  three  years,  may  be  recommended  for  nomina- 
tion for  election  as  fellows  by  three  members  personally  acquainted 
with  their  work.  Of  members  so  nominated  a  number  not  exceeding 
five  in  any  one  year  may,  on  recommendation  of  the  Executive  Commit- 
tee, be  elected  as  fellows.  Fellows  of  the  American  Association  for  the 
Advancement  of  Science  who  are  also  members  of  the  Indiana  Academy 
of  Science  shall  automatically  become  fellows  of  this  Academy.  Hon- 
orary fellows  may  be  elected  on  account  of  special  prominence  in  sci- 
ence, on  the  written  recommendation  of  two  members  of  the  Academy. 
In   any  case  a  three-fourths  vote   of  the  members  present   shall  elect. 

Nominations  for  fellows  and  honorary  fellows  of  the  Academy  shall 
be  made  to  the  chairman  of  the  Nomination  Committee  previous  to  the 
annual  meeting  of  the  Executive  Committee.  The  Nomination  Commit- 
tee shall  submit  their  recommendations  to  the  Executive  Committee, 
which  shall  then  pass  the  nominees  on  to  the  general  session  of  the 
Academy  for  final  approval. 

Sec.  4.  The  Indiana  Academy  of  Science  shall  actively  promote  the 
organization  and  operation  of  local  science  clubs  in  connection  with  sec- 
ondary schools  of  the  state.  Such  of  these  clubs  as  elect  to  become 
members  shall  constitute  the  Indiana  Junior  Academy  of  Science. 

The  President  shall  appoint  annually  a  committee  of  five  members 
from  the  Indiana  Academy  of  Science  to  have  full  charge,  within  the 
Academy,  of  the  Junior  Academy  of  Science.  It  shall  formulate  the 
requirements  for  membership  of  local  science  clubs,  and  election  of  such 
clubs  must  be  approved  by  the   Executive   Committee  of  the  Academy. 

Each  applicant  club,  upon  meeting  Academy  affiliation  requirements, 
payment  of  an  entry  fee  of  $1.00  and  an  affiliation  fee  of  $1.00,  and  upon 
recommendation  of  the  committee  in  charge,  shall  receive  for  its  files  a 
certification  of  membership  signed  by  the  President,  Secretary,  and 
Treasurer  of  the  Academy.  Such  affiliation  shall  continue  upon  payment 
of  annual  affiliation  fee  so  long  as  the  club  continues  to  meet  require- 
ments of  membership.  Each  affiliated  club  will  receive  one  copy  of  the 
Proceedings  of  the  Indiana  Academy  of  Science. 

The  Committee,  in  council  with  the  President,  Secretary  and  Treas- 
urer, shall  formulate  a  program  of  work.  An  annual  report  of  the 
progress  made  shall  be  presented  to  the  Executive  Committee  of  the 
Indiana  Academy  of  Science  by  the  chairman  of  the  Academy  Committee 
on  Junior  Academy  of  Science. 

Article  III. 

Section  1.  The  officers  of  the  Academy  shall  be  elected  at  the  an- 
nual meeting  and  shall  hold  office  for  the  calendar  year  following  their 
election.  They  shall  consist  of  a  President,  Vice-President,  Divisional 
Chairmen,  Secretary,  Press  Secretary,  Editor,  and  Treasurer,  who  shall 
perform  the  duties  usually  pertaining  to  their  respective  offices  and  in 
addition,  with  the  ex-presidents  of  the  Academy  and  chairmen  of  all 
standing   committees,   shall   constitute   the    Executive   Committee.      The 
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Divisional  Chairmen  shall  be  chosen  by  ballot  by  their  respective  sec- 
tions during  the  annual  meeting.  Each  Divisional  Chairman  shall  have 
the  power  to  appoint  an  Assistant  Chairman  to  assist  him  in  the  sec- 
tional duties.  No  section  shall  have  representation  on  the  Executive 
Committee  without  the  sanction  of  the  Executive  Committee. 

Sec.  2.  The  annual  meeting  of  the  Academy  _shall  be  held  at  a 
time  and  place  designated  each  year  by  the  Executive  Committee.  There 
shall  also  be  a  spring  or  summer  field  meeting  at  such  time  and  place 
as  may  be  decided  upon  by  the  Executive  Committee  or  Subsidiary  Com- 
mittee. Other  meetings  shall  be  called  at  the  discretion  of  the  Executive 
Committee.  The  officers  of  the  Academy  shall  constitute  the  Council  of 
the  Academy  and  represent  it  in  the  transaction  of  any  necessary  busi- 
ness not  especially  provided  for  in  this  constitution,  in  the  interim 
between  general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  members  of  at 
least  one  year's  standing.  No  question  of  amendment  shall  be  decided 
on  the  day  of  its  presentation. 

BY-LAWS 

Article  I. 

Section  1.  President:  The  President  shall  preside  over  all  meet- 
ings of  the  Academy,  of  the  Executive  Committee,  and  of  the  Council. 
He  shall  be  responsible  for  the  administration  of  all  laws  and  regulations 
of  the  Academy  and  of  its  committees.  He  shall  call  special  meetings 
of  the  Academy,  of  the  Executive  Committee  or  of  the  Council  whenever 
he  shall  consider  such  meetings  necessary,  or  upon  the  request  of  the 
Executive  Committee.     He  shall  appoint  all  standing  committees. 

Sec.  2.  Vice-President:  In  the  absence  of  the  President,  the  Vice- 
President  shall  preside  over  all  meetings  as  specified  in  Section  1  of 
this  article,  and  he  shall  assume  the  powers  and  prerogatives  of  the 
President,  in  so  far  as  the  circumstances  shall  warrant. 

Sec.  3.  Divisional  Chairmen:  The  Divisional  Chairmen  shall  pre- 
side over  the  meetings  of  their  sections.  They  may  each  appoint  an 
assistant  chairman  to  assist  in  the  work  of  the  section  and  to  preside 
in  their  absence. 

Sec.  4.  Secretary :  The  Secretary  of  the  Academy  shall  be  secre- 
tary also  of  the  Executive  Committee  and  of  the  Council.  He  shall  keep 
a  permanent  record  of  all  proceedings  of  these  bodies,  including  all  reso- 
lutions and  formal  actions.  He  shall  issue,  or  cause  to  be  issued,  all 
notices  of  meetings.  He  shall  maintain  a  register  of  the  members  of 
the  Academy. 

Sec.  5.  Press  Secretary:  It  shall  be  the  duty  of  the  Press  Secre- 
tary to  furnish  the  press  with  notices  of  meetings  of  the  Academy  and 
with  such  other  material  as  may  be  suitable  for  purposes  of  publicity, 
to  the  general  end  that  the  public  may  be  acquainted  with  the  purposes 
and  with  the  work  of  the  Academy. 
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Sec.  6.  Editor:  The  Editor,  with  the  assistance  of  such  members 
or  committees  as  shall  be  designated  by  the  Academy  for  the  purpose, 
shall  have  charge  of  the  publication  and  distribution  of  the  Proceedings 
of  the  Academy,  and  any  other  special  publications,  not  directly  en- 
trusted to  other  officers,  individuals  or  committees.  He  shall  prepare  and 
submit  to  the  Executive  Committee  reports  covering  his  receipts  and 
expenditures  in  connection  with  these  duties. 

Sec.  7.  Treasurer:  The  Treasurer  shall  have  the  custody  of  all 
funds  of  the  Academy,  except  such  as  shall  have  been,  by  specific  action 
of  the  Academy,  entrusted  to  other  officers  or  committees.  He  shall  issue 
bills  for  dues  and  assessments  payable  and  he  shall  make  proper  receipt 
for  the  same.  All  bills  properly  chargeable  to  the  Academy  shall  be 
paid  by  check  of  the  Treasurer,  but  only  after  approval  by  the  President 
and  the  Secretary  of  the  Academy.  He  shall  prepare  complete  reports 
of  Academy  finances  for  submission  at  the  annual  meeting,  and  at  such 
other  times  as  may  be  directed  by  the  Academy  or  by  the  Executive 
Committee. 

Article  II. 

Section  1.  Standing  Committees :  The  following  standing  commit- 
tees shall  be  appointed  by  the  President  of  the  Academy,  to  serve  for 
one  year  unless  reappointed: 

(a)  The  Academy  Representative  on  the  Council  of  the  American 
Association  for  the  Advancement  of  Science  shall  represent  the  Academy 
in  all  matters  coming  before  that  Council. 

(b)  Archeological  Survey.  This  committee  shall  have  charge  of 
all  matters  of  archeological  and  historical  nature. 

(c)  Auditing.  This  committee  shall  audit  the  books  of  the  Treas- 
urer, and  of  such  other  officers  or  committees  as  shall  have  been  given 
custody  of  the  funds  of  the  Academy.  It  shall  report  the  results  of  such 
audit  at  the  annual  meeting  of  the  Academy. 

(d)  Biological.  This  committee  shall  have  charge  of  all  matters 
pertaining  to  the  distribution  of  the  fauna  and  flora  of  the  state. 

(e)  Junior  Academy  of  Science.  This  committee  shall  have  charge 
of  all  matters  pertaining  to  the  relations  between  the  Academy  and  the 
chapters  of  the  Junior  Academy  of  Science. 

(f)  Library.  This  committee  shall  have  charge  of  all  matters 
pertaining  to  the  library  of  the  Academy  and  its  relation  to  the  State 
Library. 

(g)  Membership.  This  committee  shall  receive  applications  for 
membership  in  the  Academy  and  it  shall  submit  reports  and  recom- 
mendations covering  such  applications,  at  any  regular  meeting  of  the 
Academy. 

(h)  Nominations.  This  committee  shall  consider  and  report  to  the 
annual  meeting,  nominations  for  President,  Vice-President,  Secretary, 
Press  Secretary,  Treasurer,  and  Editor.  Nominations  may  be  supple- 
mented by  nominations  from  the  floor. 

(i)  Program.  The  Program  Committee  shall  make  all  arrange- 
ments for  the  regular  or  special  meetings  of  the  Academy. 
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(j)  Publication  of  Proceedings.  This  committee  shall  assist  the 
Editor  in  matters  pertaining  to  publication  and  distribution  of  the 
Proceedings. 

(k)  Relation  of  Academy  to  State.  This  committee  shall  have 
charge  of  all  relations  between  the  Academy  and  the  state  government. 

(1)  Research.  This  committee  shall  consider  and  report  to  the 
Academy  concerning  all  policies  that  are  proposed  for  the  encouragement 
and  promotion  of  scientific  research  within  the  state. 

Sec.  2.  Announcement  of  Committee  Membership:  The  member- 
ship of  all  standing  committees  shall  be  announced  by  the  President 
within  a  reasonable  time  after  their  appointment  and  such  membership 
shall  be  published  in  the  Proceedings  of  the  Academy:  Provided,  how- 
ever, That  at  his  discretion  the  President  may  withhold  the  announce- 
ment of  the  membership  of  the  Committee  on  Nominations  until  this 
committee  is  ready  to  report  at  the  annual  meeting. 

Sec.  3.  The  President  shall  be,  ex  officio,  a  member  of  all  standing 
committees. 

Sec.  4.  All  committees  shall  be  subject  to  the  call  of  their  respec- 
tive chairmen. 

Sec.  5.  Special  Committees :  Special  committees  may  be  appointed 
by  the  President,  or  in  any  other  manner  that  may  be  specified  by  the 
Academy  or  by  the  Executive  Committee. 

Article  III. 

Section  1.  These  by-laws  may  be  amended  at  any  regular  or  special 
meeting  of  the  Academy. 

Article  IV. 

Section  1.  Twenty-five  or  more  members  of  the  Academy  shall  con- 
stitute a  quorum  for  the  transaction  of  business. 

Sec.  2.  One-fourth  or  more  of  the  members  of  the  Executive  Com- 
mittee or  of  the  Council  shall  constitute  a  quorum  respectively  for  these 
two  bodies. 

Article  V. 

Section  1.  Members  whose  dues  remain  unpaid  for  two  years,  hav- 
ing been  annually  notified  of  their  arrearages  by  the  Treasurer,  shall 
have  their  names  stricken  from  the  roll. 

Article  VI. 

Section  1.  The  rules  of  procedure  prescribed  by  Robert's  Rules  of 
Order  shall  govern  all  business  meetings  of  the  Academy  and  of  the 
Executive  Committee. 
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EDITORIAL  POLICY 
Part  I. 

Since  the  Proceedings  is  the  annual  exhibit  of  the  Indiana  Academy 
of  Science,  members  should  not  jeopardize  their  reputation  or  that  of 
the  Academy  by  submitting  and  anticipating  publication  of  inferior 
papers.  On  the  other  hand,  the  Academy,  with  an  aim  to  encourage  and 
assist  younger  scientists,  should  be  lenient  and  assist  the  inexperienced 
workers  as  long  as  the  content  of  papers  is  reliable  and  worthy  and  a 
contribution  to  knowledge.  The  experienced  workers  should  feel  a  re- 
sponsibility for  all  papers  from  the  younger  men.  The  opportunity 
presented  by  the  Academy  as  an  outlet  for  research  in  a  small  way 
constitutes  a  service  to  science  and  to  the  state. 

The  Editorial  Board  or  Committee  should  consist  of  the  Editor  as 
chairman  and  two  other  members,  at  least  one  of  whom  should  be  a 
past  editor.  This  board  or  committee  may  designate  one  member  in 
each  major  science  of  the  Academy  to  judge  and  edit  papers  in  their 
field.  The  Editor  may  request  the  opinion  of  out-of-state  scientists  but 
the  Editorial  Board  has  final  authority.  It  is  suggested  that  the  Editor 
and  Editorial  Board  formulate  a  revised  Editorial  Code  for  the  guidance 
of  writers. 

Part  II. 

In  selecting  papers  for  publication  in  the  Proceedings  of  the  Indiana 
Academy  of  Science  the  following  principles  shall  act  as  a  guide  for  the 
Editor  and/or  Editorial  Committee: 

1.  Papers  by  resident  members  of  the  Academy  will  be  given 
preference,  other  things  being  equal,  and  the  Editor  or  Editorial  Com- 
mittee shall  refuse  papers  by  non-members,  and  members  who  are  in 
arrears. 

2.  Papers  on  the  printed  program  will  have  publication  priority,  if 
they  meet  other  publication  requirements. 

3.  Papers  relating  to  Indiana  flora,  fauna,  ecology,  geography  and 
geology  will  have  preference  over  similar  papers  dealing  with  flora, 
fauna,  etc.,  of  regions  outside  Indiana. 

4.  Papers  submitted  for  publication  should  be  only  those  which 
have  not  been  published  elsewhere  or  will  not  be  submitted  for  publication 
elsewhere. 

5.  Other  things  being  equal,  only  one  paper  by  the  same  author 
may  be  accepted  by  the  Editor  if  funds  do  not  permit  the  publication 
of  all  suitable  papers  submitted  for  publication.  Authors  submitting 
more  than  one  paper  should  indicate  the  paper  to  be  given  preference. 

6.  The  Editor  and  Editorial  Committee  shall  have  the  privilege  of 
using  referees  wherever  they  deem  it  advisable,  the  action  of  the  Edi- 
torial Committee  to  be  final. 

7.  Each  paper  should  be  a  contribution  to  knowledge.  Briefness 
and  clarity  should  be  the  rule  in  writing. 

8.  Illustrations  and  tables  should  be  used  only  when  necessary 
and/or  when  they  add  materially  to  the  paper. 

9.  Other  things  being  equal,  papers  should  be  selected  on  the  basis 
of  merit. 
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